Liming requirement of selected Willamette Valley soils by Jackson, T. L.
AN ABSTRACT OF THE THESIS OF
Paul William Peterson
(Name)
for theMaster of Science
in Soils presented on
(Major)
(Degree)
(Date)
Title:LIMING REQUIREMENT OF SELECTED WILLAMETTE
VALLEY SOILS
Abstract approved:
There are two major problems associated withsoil acidity and
lime response investigations:
A.Determining how much lime (100% "available" CaCO3equivalent)
is required to raise a soil pH (or degree ofacidity) from its
existing level to a specified level - presumablywhere need for
lime is eliminated.
B.Determining responses of different crops on different soils to
lime; and defining some chemical measurementof the soil that
will predict the response of a specified crop.
Investigations in this study were limited to the firstproblem.
Liming characteristics of 45 acid WillametteValley soils, represent-
ing the major agricultural soil associations, weredetermined by incu-
bating the soils with increments of CaCO3. The limerequired to
bring the soils to the specified pH levels of6. 8, 6. 4 and 6. 0 varied
Redacted for Privacywidely within the respective pH levels.Relationships between soils,
however, as determined by the value of theincubation curve slope
(meq. of CaCO3 /100g of soil required to raise soilpH by one unit),
were improved by groupinginto related soils.Laboratory measure-
ments of other soil chemistry parameters werecompared with
changes in pH to determine if a satisfactory quicklaboratory proce-
dure could be developed to measure the incubationlime requirement
of soils with different chemical characteristics.
Measurements of soil pH were made by three differentmethods:
(1) in the supernatant of a 1:2 soil to watersuspension; (2) in the
sedimented paste of the 1:2 soil to water suspension;and (3) in the
supernatant of a 1:2 soil to 1 N KC1 suspension.Lime requirement
with a buffered solution was measured in limedand unlimed
soils by use of the SMP (Shoemaker, McLean, andPratt) buffer
method.Soil samples treated with increments of lime wereanalyzed
for extractable Al and exchange acidity by titrationand the unincubated
soils were analyzed for exchange acidity determinedby subtracting
exchangeable bases from CEC measured at pH 7. 0 andpH 6. 0.
Results of the correlation analyses showed that theSMP buffer
method should prove useful for predicting the incubationlime require-
ment.Correlation coefficients for these two values were.89, .90
and86, respectively, to reach pH levels of 6. 8,6. 4 and 6. 0.Soil
pH measurements, extractable Al, and exchangeacidity determinationsdid not provide as good a basis for determining incubation lime re-
quirements,Regression equations were calculated for the SMP
buffer/incubation lime requirement relationships.
The purpose of this study was to identify the changes in soil
chemical measurements that take place with application of lime. No
attempt was made to determine whether a crop might respond to an
application of lime on an acid soil.The assumption was made that
yield could be related to specific pH or soil acidity levels that could
be measured in the laboratory.Therefore, the problem was approached
by studying procedures that might determine the application of lime
required to reach a specified pH or soil acidity measurement.It
anticipated that field trials for evaluating lime response will be
carried out in the future to evaluate the usefulness of the SMP buffer
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INTRODUCTION
The use of agricultural lime affects soils physically, chemi-
cally, and biologically.In many acid soils its use is essential to crop
production; in some cases lime may have little or no effect and may
even be detrimental. An effort hasbeen made in the past 100 years
to characterize soil acidity and to convert agricultural liming from
the state of an art to that of a science.
The beneficial effects of liming have been known and practiced
for many centuries.Apparently the Celts, a people who attained their
greatest power in central and western Europe about 500 B. C. ,used
liming and marling for land improvement and Columella (Rome,
about 45 A. D. ) advocated the use of chalk, marl or ashes.The spread
of Roman culture was probably responsible for the introduction of this
practice to Gallia (France). and Britannia (England and Wales) at very
early dates.The need for lime in America was recognized as early
as 1637 as recorded by Carrier in his "Beginningsof Agriculture in
America".Oyster shells, accumulated in large amounts on the camp-
ing sites of Indian tribes, were the first source of lime to be used.
The discovery of acid soils was made through the use of litmus,
a source of which was discovered in the 13th century.At first it was2
commonly supposed that humic acids resulting from organic matter
decomposition were the cause of soil acidity.Beginning about 1850
with Thompson and Way (1850, 1852), investigations into the natureof
soil acidity began in earnest.Despite continuing progress in under-
standing the dynamic soil processes since that time, quick testsde-
veloped for lime requirement determination have generally been less
than satisfactory.No fewer than eight separate tests for lime require-
ments were available by 1900 but, as is still the case,reliability was
largely limited to the soils on which they were developed.
Much work has been accomplished in identifying specific toxicity
factors associated with acid soils that limit plant growth.Volumes of
data showing response to lime by different crops, in the Willamette
Valley as well as elsewhere, are also available.Acid soils are wide-
spread in occurrence in western Oregon due to the humid climate, and
pH is one of the most frequently monitored soil parameters inthe
Oregon State University Soil Testing Laboratory.Specific recommen-
dations for lime application in this area is hindered, however, bythe
lack of a reliable and quick lime requirement test.Wide variation in
soil origin and properties within the area adds greatly to this problem.
The present attack on this problem intended to determine specifically
the effect of applying different rates of lime to acid Willamette Valley
soils on the changes in laboratory measurements used to characterize
acid soils.The feasibility of adopting a lime requirement test3
developed in Ohio (Shoemaker, McLean, and Pratt, 1961) was also
inve stigated.4
LITERATURE REVIEW
Acid soil infertility is of basic practical importance to agricul-
tural production and has been dealt with extensively by researchers
over the years.The subject is extremely complex in that, as Jackson
(1967) pointed out, a number of parameters change as the acidity is
altered and these interactions must be considered in attempting to
determine precise factors responsible for poor growth of a specific
plant under acid conditions in a given soil.Generally speaking, acid
soil conditions are characterized by relatively low pH, increased con-
centration of exchangeable Al, increased availability of Mn and Fe,
and relatively low levels of exchangeable bases.
Effects of Acid Soils on Growing Plants
Aluminum (Al) toxicity is considered to be one of the most im-
portant factors limiting plant growth in acid soils.Data suggesting
that Al in sufficient amounts istoxic to plants was produced as early
as 1901 (Pratt, 1966).Hartwell and Pember (1918) were among the
first investigators to emphasize the importance of Al as an element
toxic to plants.Vlamis (1953) cited earlier studies showing decreases
in soluble Al and Mn concentrations after liming; correlations with
water culture experiments led to the concept that toxicity in acid soils
resulted from presence of Al and Mn ions.Vlamis' own experiments5
with barley supported those earlier results suggesting Al toxicity.
Pratt (1966) summarized the data of 20 different investigatorsworking
with nutrient solutions and greenhouse experiments concerningthe
effects of Al on plant growth.Levels of exchangeable and soluble Al
were suggested as possiblediagnostic criteria for toxicity.Other re-
cent work includes that of Moschler, Jones, andThomas (1960) who
concluded from their investigations with alfalfa that reduction of ex-
changeable Al in the soil is one of the principle benefits from liming.
According to Bear (1957), Mn and Fe are a pair of trace elements
that may interfere with each other as catalysts in enzyme systemsthat
perform necessary functions in living organisms.One that is present
in excess may substitute for the other to the extentthat plants are in-
jured.Very acid soils that are somewhat poorly drained often supply
toxic quantities of Mn and one of the purposes of liming is tolower the
solubility of Mn and presumably bring Mn and Fe into better balance in
relation to plant needs.Deatrick (1919) apparently was one of the first
investigators to show plant injury from high concentration of Mn. Work
by Fried and Peech (1946) indicated that excess Mn in acid soil condi-
tions may have prevented the uptake of Ca.Piper (1931), Snider (1943),
and others identified soil pH as a controlling factor in the availability
of Mn: the more acid the soil, the greater the solubility.Other inves-
tigators who attribute acid soil infertility to Mn toxicity include Morris
and Pierre (1949), Jackson, Westermann, and Moore (1966), and6
White (1970).
Aluminum, Mn, and Fe are by no means the only elements in-
volved in the problems of acid soil infertility.Buckman and Brady
(1969, p. 396) have illustrated the relationships existing in mineral
soils between pH on the one hand, and availability of plant nutrients
and activity of microorganisms on the other.Acid soil conditions
have been determined to result in Ca (Jackson, 1967), Mg (Embleton,
1966), and K (Ulrich and Ohki, 1966) deficiencies, Mo unavailability
(Johnson, 1966), P fixation (Bingham, 1966), and curtailment of bene-
ficial microorganism activity (Stevenson, 1964).
Changing Views on the Nature of Soil Acidity
The reader is referred to a comprehensive review of the subject
of the chemistry of soil acidity by Coleman and Thomas (1967).
The concept of soil matter consisting of some type of chemical
exchange complex had its beginning with Way's (1850, 1852) experi-
ments on "absorption" of ammonia.Colloidal chemistry was developed
in the 1880's and was subsequently applied to soil processes.Until
about 1900 it had been assumed that the difficultly soluble organic acids
("humic", "ulvic") and their acid salts were chiefly responsible for
the harmful acidity of soils.However, Veitch (1902) showed that Al,
removed by salt-exchange, was involved.Veitch (1904) tentatively
classified soil acidity as "active" and "inactive" and used this concept7
in developing lime requirement tests.
Although Veitch's salt-exchangeable Al theory gained a measure
of support, it was destined to be subverted by the development of the
hydrogen electrode and application of potentiometric techniques to
soil systems.Van der Spek (1922; from Jenny, 1961) and Bradfield
(1923, etc. ; from Jenny, 1961) promulgated the theory of relative
saturation of the colloid exchange sites with H ions as an explanation
for soil acidity.Even Kappen, one of the early defenders of the Al
theory, was converted to the H-ion theory by which Page (1926) ac-
counted for pH, hydrolytic activity, exchange acidity, and even A1C13
in salt extracts.Despite Veitch's findings and reports by Daikahara
(1914) of Japan, Paver and Marshall (1934), and Schofield (1946, 1949),
the general occurrence of salt-exchangeable Al ions and its role in soil
acidity was largely ignored.
A change in perspective was initiated by the translation of Cher-
nov and Belyaeva's (1947) work in which they assertedthat complex
aluminum-oxide-hydroxy ions are more strongly adsorbed by clays
than Al+++ ions, and these more strongly thanH+ ions; and an elabora-
tion of Schofield's ideas by E. W. Russell (1950) where he presented
evidence indicating that "acid mineral soils are aluminum and not hy-
drogen soils".American opinion changed abruptly in the early 1950's
as a result of work by Jenny et al.(1950), Coleman and Harward
(1953), Harward and Coleman (1954), Low (1955) and others.The idea8
of acid soils being regarded as Al saturated systems hasfound wide
acceptance and further substantiation by manyinvestigators since that
time (Yuan and Fiskell, 1959; Lin and Coleman,1960; Ayres, Hagihara
and Stanford, 1965; Bhumbla and McLean, 1965; etc. ).
Soluble Aluminum
The recognition of Al toxicity as a major factor affecting plant
growth on acid soils makes it important to identify thespecific levels
of Al present in soils as a part of an acid soil diagnostic procedure.
Recent investigators who have studied exchangeableAl in regard to
titration curves and liming effects include Heddleson, McLean,and
Holowaychuk (1960), Shoemaker et al. (1961), McLean et al.(1964),
Janghorbani (1969), Hutchinson and Hunter (1970), and others.While
many approaches to liming have beenbased on soil pH, Kamprath
(1970) has suggested that another approach is to neutralize Al and
supply Ca and Mg.
Exchangeable Al and Al saturation is apparently affected to a
high degree by organic matter content (McLean et al. ,1965; Evans
and Kamprath, 1970).Concentration of soil solution Al in mineral
soils was found to be related to the percent Al saturation of theeffec-
tive CEC. In organic soils, however, the concentration of Al inthe
soil solution was more related to the amount of exchangeable Althan
to percent Al saturation.Soils with increasing organic matter content9
had a lower content of soil solution Al at a given pH (Evans and Kamp-
rath, 1970).It is possible that organic matter reduces the solubility
of Al through complex formation and results in less Al in the soil
solution.This may be one reason why plants grow well at a lower pH
on organic soils than on mineral soils(Clark and Nichol, 1966; Evans
and Kamprath, 1970).
Magistad (1925) first stressed the relation between pH and solu-'
ble Al.He showed that the curve for solubility of Al in soil solution
at various pH's practically coincided with the curve for soluble Al in
water at the same pH's.He also found that minimum Al solubility
was between pH 5.8 and 7. 0 and that, on theacid side, pH must be
lower than 4.7 to give quantities of soluble Al greater than 3 ppm.
Pierre, Pohlman, and Mcllvaine (1932) showed that the concentrations
of soluble Al in different soils of similar pH varied greatly and that
the concentration of soluble salts affected the concentration of Al in
solution at any given pH.They also observed the depressing effects
of organic matter and of leaching on soluble Al contents.
Russell (1950) stated that acid soils contain Al ions in the tri-
valent form and that these are responsible for much of the buffering
of acid soils.He further stated that there is no evidence thatH+ or
H30+ ions neutralize any of the net negative charge on acid soils under
conditions usually found in the field.Jackson (1963) has characterized
the aluminohexahydronium cation Al(OH)( OH 2)5++ as having a dual10
role in both being a proton exchanger (a pH-dependent site itself)and
at the same time, being exchangeable in KC1.This fact underlies the
historical vascillation in nomenclature between "exchangeable H" and
"exchangeable Al" of soil acidity (see Jenny, 1961).Because of the
dominance of Al(_OH2)6
+++in the acidity of very acid soils, this pro-
ton donor cation has at times dominated thought about the natureof
soil acidity.Its neutralization is of prime importance in liming prac-
tice (Jackson, 1963).
Cation Exchange Capacity Measurements
Cation exchange is probably the most influential process affect-
ing soil fertility and is central to understanding soil acidityproblems.
Cation exchange capacity, along with the cation species adsorbed on
the exchange complex, largely determines the reaction and buffering
properties of soils.Determination of the CEC involves measuring the
total quantity of negative charge per unit weight of the material.The
CEC of a given soil varies with the amounts and kinds of exchange ma-
terials present; that is, percent and types of clay minerals present
and organic matter content.
CEC determination usually involves leaching the soil sample
with a salt solution, replacing the cations of the salt solution with
ammonium ions, and assessment of the quantity of cations replaced.
In any given procedure, the measured CEC varies somewhat according11
to the nature of the saturating cation, concentration of the salt, and
the equilibrium pH (Mehlich, 1938; Puri and Uppal, 1939; Bower and
Truog, 1940; Schofield, 1949). Many different methods can be devel-
oped by various combinations of pretreatment, cation salt strength,
solvent, washing procedure, and determinative technique for the ions.
Calcium may be considered the standard ion because of its abundance
in neutral soils.Potassium has less tendency to cause soil dispersion
than Na, but fixation of K and NH4 sometimes results in measurement
of a lower CEC (Jackson, 1958).
Coleman and Thomas (1967) have discussed the problem of de-
fining soil acidity in terms of base saturation due to lack of a uniform
convention for defining CEC. Most investigators use leaching solu-
tions buffered at either pH 7 or pH 8.2.Coleman and Thomas (1964)
found that a pH of about 8 appears to correspond with complete neutral-
ization of sorbed Fe+++ or Al ions.Thus, CEC determination at pH
8.2 may give a reasonably close estimate of the lattice charge of
layer silicates, plus contributions from any organic matter or allo-
phane which may be present.
Another method for determining CEC involves leaching with an
unbuffered solution of a salt such as KC1 or CaCl2 (Schofield and
Taylor, 1955; Pratt and Bair, 1962; Bhumbla and McLean, 1965).
The determination is made at the pH of the soil, or at least the pH of
a soil-salt solution mixture after exhaustive leaching, and has been12
called "effective CEC" by Coleman and Thomas (1967).The CEC
measured varies as the soil responds to different lime treatments
and/or other factors that change the pH of the soil.
Data from a paper by Bhumbla and McLean (1965) illustrate the
differences in CEC as measured by buffered and unbuffered salt solu-
tions:
1.CEC measured at pH 8.2 was larger than at pH 7, with the dif-
ference correlating directly with organic matter content.
2.Liming to change pH from around 5 to 6 or 7 did not appreciably
affect CEC measured with BaCl2 buffered at pH 8.2 or NH4OAc
buffered at pH 7.0.
3.CEC measured with unbuffered KC1 was increased some twofold
by liming.
4.Removal of organic matter reduced BaC12-measured CEC around
1.5 meq/100 g for each percentage organic matter originally
pre sent.
5.Removal of organic matter greatly reduced the pH effect on un-
buffered KC1-measured CEC, leading to values which were only
slightly larger for limed than for unlimed soils and were close
to those obtained with the original acid soils.13
Permanent- and pH-dependent charge was describedby Cole-
man, Weed, and McCracken(1959) in an analysis of soils of the North
Carolina Piedmont. Permanent charge wastaken as the summation of
exchangeable metal cations, including Al, displaced uponleaching with
a neutral salt solution andpH-dependent charge was regarded as the
amount of exchange acidity (BaC12-TEA) remainingafter neutral salt
leaching,The recommendation was made in this paper to base per-
centage base saturation on permanentcharge CEC for ease of com-
parison from soil to soil.However, further investigation (Coleman
and Thomas, 1967) has shown that their(Coleman et al. ,1959) iden-
tification of neutral salt CEC with permanent charge was wrongin that
it did not take into account interaction betweenlayer silicatesesqui-
oxide coatings.
Coleman et al. (1959) also listed possible sources andfactors
giving rise to pH-dependent charge.Organic matter may contribute
pH-dependent charges from a number of different kinds offunctional
groups, while clays may ionizeH, selectively adsorb OH, or develop
negative charges through shifts in metalcoordination.
pH Measurement
C. A, Black (1968) has reviewed the theory of pH measurement
and its practical application to soils.He indicated that the apparent
pH of soils obtained by use of a glass electrode pH meterreflects14
H-ion activities in the bulk solution surrounding the electrodes and
not H-ion activities in the ion atmospheres around the soil particles.
In addition, the apparent pH values may be biased to some extent by
another voltage at the junction between the soil and KC1 bridge lead-
ing to the calomel electrode.
The apparent preciseness and simplicity of pH measurement re-
sults in its common usage for characterizing soils.Again, however,
no generally accepted method for pH measurementhas been adopted
and the various methods in use result in widely varying values.Per-
haps the most common procedure is that employed by Bailey (1932,
1944, 1945) who measured pH in a soil/water solution of 1:2 ratio.
Coleman et al. (1950) measured soil pH's of supernatant liquids of
stirred suspensions, and of sedimented soils in 1:2 soil/water ratio.
The pH value obtained for a stirred soil suspension was in all cases
lower than that of the supernatant liquid and still lower when pressed
into the sedimented particles.The authors credited this phenomena
to the "suspension effect" caused by the junction potential.Their
conclusion was that "soil pH, as ordinarily measured in a stirred
suspension or in a paste, cannot be interpreted apriori in terms of
hydrogen ion concentration or activity".To minimize junction poten-
tial, Peech, Olsen, and Bolt (1953) recommended placing the calomel
electrode in the supernatant liquid when measuring soil pH.15
Schofield and Taylor (1955) emphasized theimportance of the
relationship between pH and electrolyte concentrationin routine
soil pH measurements. They found thatthe use of 0. 01 M CaC12 was
the most satisfactory for normal non-salinesoils.Peech (1965) also
recommended 0. 01 M CaC12, measured in the supernatantof a 1:2
soil/salt solution ratio, claiming that the value obtainedis indepen-
dent of dilution over a wide range of ratios,Measurement of the pH
of soil in 0. 01 M CaC12 solution approachesthe ideal of diluting the
soil solution with enough additional soilsolution to permit measure-
ment - or that of direct measurementof the pH of displaced soil solu-
tion.Munns (1965) used this method in Australia anddetermined the
pH values to be 0.1 - 0, 2 unit lower than thatof comparative dis-
placed soil solutions and about 0.8 unit lowerthan the value of 1:5
aqueous suspensions.Black (1968) felt that the CaC12method pro-
vides a better basis for comparing pH valuesof soil solutions with pH
values of other solutions (culture solutions, forexample) than do
measurements of soil pH values in water.
Another technique is to measure the pH in 1 N KC1.The results
thus obtained are reproducible and not influencedby minor fluctuations
in content of electrolytes in the soil.The values obtained are inde-
pendent of the location of the electrodes(Coleman et al. ,1950) and
junction potentials are probably of no importance.Addition of KC1
produces extensive exchange and brings into solutionhydronium and16
other proton donors that influence the glass electrode andlower the
measured pH.The pH values obtained do not appear to represent those
of the soil solution; however, they may approach the pH values inthe
ion atmospheres of the original soil before treatmentwith the KC].
solution (Black, 1968).Pionkee and Corey (1967) found a negative
correlation between exchangeable Al and pH; the correlation was
higher for pH (KC1) than pH (H2O).Black (1968) concluded that, as
long as measurements are made consistently in the same manner, a
variety of methods may be of almost equal value for comparative pur-
poses.
Measurement of Soil Acidity and Lime Requirement
The ultimate measure of liming requirement is, of course, field
application and the observed effects on crop response. Time for reac-
tion, problems of uniform application and mixing, soil variation, cli-
mate, etc. ,contribute variability to these measurements. Because
of the costs of establishing and carrying out good field experiments
evaluating crop response from lime, many standards of lime require-
ment are based on soil titration curves derived fromincubation stu-
dies.These studies assume that an optimum pH for plant growth has
been defined. An early use of this procedure was made by Naftel
(1936) using CaCO3 equilibration to study "Ca-sorption capacity" and
yield curves as a basis for optimum lime application.Shoemaker et al.17
(1961) based their studies on a similar CaCO3 incubation method and
others (Bhumbla and McLean, 1965; Vodraska, 1966; Janghorbani,
1969) have used Ca(OH)2.
The principle of determining soil acidity for use as a measure
of liming requirement has been in use since before Veitch's time.
Veitch (1904) developed the use of the "lime-water method" to titrate
acid soils extracted with water.Jones (1915) and Howard (1918) were
among the many early investigatorsattempting specific methods to
use base exchange relationships todetermine liming requirements.
Much work has been carried out along these lines in the intervening
years (see Puri and Uppal, 1939) andtitration of acid soils is still
the object of many investigations (Pratt and Bair, 1962; McLean etal. ,
1964; Dewan and Rich, 1970).
Considerable practical use has been made of measurements of
the pH of soils suspended in certain buffer solutions.Pierre and
Worly (1928) employed this method for estimating the amount of lime
required to bring soils to definite pH values.Mehlich (1938) first
used a Ba(OH)2-triethanolamine acetate buffer to ascertain base ex-
change properties and liming requirement to prevent injury from
overliming.His method was based on the amount of Ba adsorbed (at
pH 8. 5) by the soil, determined by the difference in Ba concentration
before and after treatment of the soil.Mehlich (1942) later recom-
mended that liming requirement should be based on the exchangeable18
H with reference to the base exchange capacity.The base exchange
capacity and exchangeable H were taken to be equivalent to the differ-
ence of the Ba and OH-ion concentrations,respectively, before and
after treatment of the soil with a BaC12-TEA buffer solution.
Woodruff (1947, 1948) modified the buffered solution of Mehlich,
using a mixture of para-nitrophenol and Ca(0.Ac)2 adjusted to pH 7with
NaOH, so that the titration curve would be linear between pH 6 and
pH 7.Adjusting the strength of the buffer to measure 0.1 unit pH
change per meq of H/100 g soil, he was able to convert pH depression
directly to lime requirement of the soil.One serious difficulty with
Woodruff's method is that in weakly buffered soils the pH depression
may be slight and the error of measurement maybe a substantial part
of the total measurement.
In an investigation of acid Ohio soils, Shoemaker et al. (1961)
found that the Woodruff method indicated only about one-half the actual
lime requirement and Mehlich's TEA method was accurate for only
unlimed soils.They undertook development of a new buffer mixture
which gave a near-linear depression in pH with the degree of acidity
of the soils in question as determined by CaCO3 incubation.The new
buffer was much weaker than the Woodruff or Mehlich buffers which
caused it to change pH more readily in response to the acid reacting
with it.Many investigators have used this method, or modifications,
in lime requirement studies (Keeney and Corey, 1963; Vodraska,1966;19
Collins, Whiteside and Cress, 1970).
Investigations in Oregon
Lime incubation studies have been conducted withOregon soils
by Lin (1957) and Janghorbani (1969).In each case, lime requirements
and titration curves were compared withcharacteristics of the acid
soils studied.Lin's objectives were:(1) to determine the relation-
ship between the cation exchange capacity, total bases,buffer pro-
perties, and exchange acidity in the selected soils;and (2) to corre-
late the lime requirement test in use at that time inthe Oregon State
College Soil Testing Laboratory (Woodruff method)with the values ob-
tained from the above analysis.Soils used were the Astoria and Clat-
sop series from the coastal areaand the Melbourne (now known as
Willakenzie), Olympic (now known as Cascade), andWillamette (now
known as Woodburn) series from the WillametteValley.Correlation
analyses were not made, but base exchange and saturationproperties
generally were in inverse relationship with thetitration curve lime
requirements. The Woodruff method was inadequatefor predicting
lime requirement of the coastal soils but only slightlylow for the
valley soils.
Janghorbani's work included examination of the relationships
between exchange acidity, exchangeable Al,exchangeable Mn, and pH
(H 0 and KC1) and the effects of liming on these parameters.He used20
Willamette Valley soils of the Dayton, Jory, Oakland, Powell, and
Willakenzie series and the coastal Astoria series for his investiga-
tions.Results of the incubation experiment indicated a curvilinear
relationship betwee n pH (H2O) of incubated samples and amounts of
lime added.Correlation coefficients for straight lines approximating
this relationship were 0.83 or greater; thus from a practical stand-
point, the linear approximations might prove useful.
In these and other previous studies, no concrete proposalsfor
use of the various soil parametersin predicting lime requirement was
made.It is hoped that, by repeating the study of the promising soil
characteristics and making correlations on a larger number of soils,
a reliable quick test that will predict the amountof lime required to
reduce "soil acidity" to some specified level may be developed.In
addition, this study is designed to lay a foundation for further investi-
gation of lime application - pH - yield response relationships.21
MATERIALS AND METHODS
Soil Collection and Preparation
Acid surface soils (0-6 in. )were collected from 45 different
Willamette Valley sites, listed in Table 1, which represent the major
agricultural soil associations of the area and include 17 soil series.
Each soil series for each location was identified by 0. S. U. Soils De-
partment staff members or by Soil Conservation Service soil surveyors.
Several of the samples were collected and analyzed for previousstudies:
Moncharoan (1968) - #46 and 47; Janghorbani (1969) - #24, 52,61, and
65; and Bhella (1970) - #44 and 56. A number of the samples werecol-
lected and sent in by county extension agents and the remainder was
collected by Dr. T. L. Jackson or the author.
Each of the soils was air-dried, ground and sieved through a
14-mesh screen.Salem series samples (#81, 82, and 83) were passed
directly through a 4-mesh screen after drying to remove large amounts
of gravel.These samples lost 33, 39 and 26 percent of their weights,
respectively.
For convenience, the 17 soil series were divided into eight
groups, delineated by the first twodigits of the identification number
(as in Table 1).The soils in each are closely related genetically but
not necessarily associated (according to soil surveyterminology).
Another breakdown was affected in certain tables and figures by22
Table 1.Series and location of collection sites of soil samples used.
Soil Sample
Identification County
Soil Sample
Identification County
Woodburn Bashaw
01 Marion 46 Linn
02 Marion 47 Linn
03 Marion Willakenzie
04 Benton 51 Polk
Amity 52 Polk
11 Linn Steiwar
12 Marion 53 Polk
13 Linn 54 Benton
14 Benton 55 Benton
Dayton 56 Yamhill
21 Linn Jory
22 Linn 61 Benton
23 Benton 62 Marion
24 Linn 63 Marion
Newberg Nekia.
31 Linn 64 Marion
32 Benton Powell
33 Benton 65 Multnomah
34 Marion Cascade
Chehalis 71 Columbia
35 Marion 72 Columbia
36 Benton 73 Columbia
Sauvie Laurelwood
37 Multnomah 74 Washington
Malabon 75 Washington
41 Marion Salem
42 Lane 81 Marion
43 Lane 82 Marion
44 Washington 83 Marion
McBee
45 Polk23
grouping into the categories: valley floor (01-47), "hill"(51-65),
wind-deposited (71-75), and Salem (81-83) soils.Salem series, al-
though a valley floor alluvial soil, was separated because of its distinct
characteristics as determined by this study.
Measurement of Soil pH
Soil pH measurements were conducted with both the original un-
incubated samples and each lime increment after incubation.Three
different methods of measurement were made using the following pro-
cedure: Weigh out 10 g. of the soil and mix with 20 ml of distilled
H2O.Stir mixture three times over a period of about 20 minutes.
Allow to equilibrate at least 30 minutes after the last stirring.
1.Measure and record the pH of the supernatant liquid.
2.Lower electrodes directly into the sedimented paste beneath the
supernatant liquid and record pH.
3.Add 5 ml. of saturated KC1 solution bringing the overall suspen-
sion to about 1 N KC1.Stir and allow to equilibrate about 30
minutes. Measure and record pH of supernatant liquid.
A comparison of the pH's of the 45 soils according to the three
methods and between the unincubated and the incubated samples that
did not receive lime is included in Table 2.Measurements were made
with a Corning Model 7 pH Meter and a Corning Model 12 Research pH
Meter. The electrodes used (Corning triple purpose glass membrane24
and Ag /AgCl electrode and Corning calomel reference electrode) were
changed several times during the course of the analysis, as they ap-
peared to weaken or fluctuate excessively.
Measurement of Lime Requirement by Incubation (LRi)
Increments of CaCO3 (reagent grade) were added to various sized
aliquots of each soil ranging from 50 to 500 g.The increments of lime
were selected so that no more than five ratesof added lime were re-
quired to reach a calculated 100% base saturation with CECmeasured
by NH4OAc buffered at pH 7. 0.Lime increments varied from 2 to 5
meq/100 g.soil (1 to 2. 5 tons/acre) on different soils depending on the
calculated lime requirements.
The following procedure was used for incubation:
1.Suitable aliquots of air-dried soil were weighed into double plas-
tic bags (400 g. aliquots were found to be optimum but that much
soil was not available in every case).
2.Appropriate amounts of reagent grade CaCO3 were weighed out
on a Mettler analytical balance and mixedthoroughly with the
soil.
3.Distilled water was added in an amount sufficient to moisten the
soil and allow for reaction but not so much as to make a paste
or mud.This was accomplished in an arbitrary manner. Water
added varied from about 25 ml. /100 g soil for most soils to25
almost 70 m1/100 g soil for soils #46 and 47 (Bashaw series)
which had a high clay content.
4.The contents of the double plastic bag were again mixed and well
kneaded before placing into quart-sized plastic cottage cheese
containers. The samples were sealed with Saran wrap and al-
lowed to equilibrate for approximately six weeks.At that time,
they were remixed and rekneaded in double plastic bags.Small
additions of distilled water were necessary in some cases.
5.The samples were replaced into the cottage cheese containers
and allowed to continue equilibration.The reaction was con-
sidered to be complete when all CaCO3 had reacted on samples
having a pH after incubation of 6. 5.The presence of unreacted
lime was evaluated by adding 2 or 3 drops of 1 N HC1 to a small
sample of soil from the incubation sample.Samples that did not
"fizz" when the HC1 was added were considered to have all of the
lime reacted.
6.After incubation, a titration curve for each soil was made by
plotting CaCO3 added (meq/100g soil) against the measured pH
(1:2) values.The amounts of lime required to raise the soils to
pH 6.8, 6.4, and 6. 0 will hereafter be referred to as LRi (lime
requirement by incubation).26
Measurement of Lime Requirement with SMP Buffer (LRs)
The published procedure (Shoemaker et al. ,1961) for the buffer
measurement plus two modifications were used to measure limesrequire-
ment by the following procedure:
Three 10 g aliquots of each soil sample were mixed with
10 ml. distilled water.Buffer was added in the amounts of 10,
20, and 30 ml. ,respectively.The mixture was stirred several
times over a period of 20-30 minutes and pH was measured im-
mediately after the last stirring in the soil-water-buffer sus-
pension,
The values of the measured pH were related to the published
predicted lime requirement values which will hereafter be referred to
as LRs (lime requirement by SMP).
Measurement of Extractable Aluminum
The procedure followed was modified from that used in previous
studies by McLean et al. (1958) and Janghorbani (1969).NH4C1 was
used for the extracting solution rather than KC1 because of less salt
interference when determining Al with the Perkin-Elmer 303 Atomic
Absorption Spectrophotometer,Janghorbani showed that Al quantities
extracted with K Cl and NH4C1 are comparable.The procedure used to
measure Al extracted with 1 N NH4C1 was as follows:27
1.Mix a 4 g. sample of soil with20 ml. of 1 N NH4C1 extracting
solution and shake for 30 minutes in amechanical shaker. Allow
to stand overnight.
2.Shake for ten additional minutes andfilter with Whatman No. 5
filter paper,
3.Al was measured by atomicabsorption and computed as meq/
100 g soil.
On soil samples with pH (1:2)values below about 5, the soil/ex-
tractant ratio was increased to1:10 to give more capacity for the ex-
tracting solution to replace the largerconcentrations of Al present.
On soils with moderate amountsof Al, pH 5. 0 to 5. 5, both extracting
ratios replaced comparable amountsof Al.
Measurement of Exchange Acidity byTitration (EAt)
The same filtrate obtained in theextractable Al procedure was
used to determine a measure of exchangeacidity.Three ml, of each
filtrate was titrated against standardNaOH to an end point of pH 6. 0
by use of a Radiometer AutomaticTitrator Type TTTI with Titigraph
Type SBR2 and Burette SBU1 withmicroelectrodes.
Values obtained by this procedure willhereafter be referred to
as EAt.28
Measurement of Exchange Acidity by Difference (EAd)
This measure of soil acidity was determined by subtracting total
exchangeable bases from the respective CECs measured in NH4 OAc
solutions buffered at pH 6. 0 and 7. 0.
1.Total bases - NH4OAc method
Extractable K, Na, Ca, and Mg were analyzed according to the
method of Peech et al. (1947) using a 2 g. sample of soils and 40 ml.
of 1 N NH4OAc extracting solution adjusted to pH 7. 0.Sample extracts
were analyzed for K and Na by flameemission and for Ca and Mg by
atomic absorption on the Jarrell Ash Dial-Atom AtomicAbsorption/
Flame Spectrometer 82-700.
2.CEC - NH4OAc method
The procedure for this method was taken from Schollenberger
and Simon (1945).Extraction was made on a 10 g. soil sample with
1 N NH4OAc solution adjusted to pH 7. 0.In order to evaluate pH-
dependent charge, the procedure was repeated at pH 6. 0.
3.EAd
The extractable K, Na, Ca and Mg in meq/100g of soil were
subtracted from the CEC values obtained with the two leaching solu-
tions, at pH 7. 0 and pH 6. 0, to determine a measure of exchange
acidity.Values obtained by this procedure will hereafter be referred
to as EAd.29
RESULTS AND DISCUSSION
The incubation part of this study furnished the basis for the con-
clusions reached and provided a standard with which other parameters
were compared in the correlation analysescarried out.Thus, the in-
cubation lime requirement (LRi) established the effect of the lime
treatments on changes in (1) soil pH, (2) LRs, (3) EAd and EAt, and
(4) extractable Al.After discussion of the incubation results, the
various parameters are presented in order of their correlations with
the LRi data.
Incubation Experiment
Evaluation by pH
The pH of each of the incubated and unincubated samples was
measured by three methods:1:2 soil to water ratio, paste, and in
1 N KC1.The pH in the 1:2 soil to water ratio was chosen as a basis
for comparison primarily because this method had been adopted as the
standard measurement of pH by the Oregon State University Soil Test-
ing Laboratory.Results of the study revealed that evaluation by the
other two methods of pH measurement would have resulted in essen-
tially the same conclusions.30
Shape of the Incubation Titration Curves
Most of the incubation titration curves were of a linear nature
below about pH 6. 0; however, they tended to level off at an increasing
rate above that point (Figures 1-17).Sigmoid-shaped curves resulted,
notably with Amity, Dayton and Nekia soils.For several of the soils,
the incubation curves approached linearity through pH 7, where the
presence of free CaCO3 would normally be expected to occur(Figures
4, 8, 9, 11, 12, 14 and 15).
Good relationships (uniformity) between changes in pH per incre-
ment of added lime were evident as the soils were grouped intoseries.
This is indicated by the tendency of the incubation curves to be parallel.
Where this occurs, then, the amount of lime required to change soil
pH from one specific level to another (e. g. from pH 5. 0 to6. 0) can,
with experience, be predicted with some degree of accuracy from a
soil pH measurement.In fact, western Oregon county extension agents
have been using pH and soil type as a basis for estimating lime require-
ment for some ten years.
Lime Requirement and Slope Values
Of the soils examined, the Salem series generally showed the
highest LRi and the Newberg series the lowest, as shown in Table 2
and Figures 1-17.4. 5
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Figure 11.Change of pH (1:2) with application of
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Figure 17.Change of pH (1:2) with application of lime in soils of the Salem series.40
Comparisons of the slope values of the incubation curves to pH
6.4 is presented in Table 3,These values were calculated on the basis
of meq. of CaCO3 /100 g. soil per pH unit increase by dividing LRi to
pH 6.4 by total pH rise.The slope values varied from 8.75 to 12. 1 for
the Salem series to 3. 3 to 5.2 for the Newberg series.The average
slope values for valley floor, hill, and wind-deposited soils were6.1,
7. 6, and 7. 2, respectively.
The slope values were reasonably uniform within some soil
series such as Woodburn and Willakenzie.However, it was apparent
that numerous titration curves would be required if this method were
to be used to predict the liming needs of Willamette Valley soils.
Several comparisons can be made with results from Lin (1957)
and Janghorbani (1969) for LRi using Ca(OH)2.These are summarized
in Table 4 using slope values to pH 6. 4 for comparison:
Table 4,Comparison of lime requirement by slope value to pH 6. 4
by different investigators.
Peterson (Avg. ) Lin Janghorbani
Woodburn 5. 1 5. 8
Dayton 6. 55 5. 0
Wi llakenzie 5.8 5. 8 6. 2
Jory 9.2 7. 6
Powell 6. 5 5. 8
Cascade 7. 3 7. 3
Lin's results agree quite well with those of this study although
she used a 1:1 soil to water ratio for pH measurements rather than 1:2.Table 2.Analytical data for chemical characteristics of the soil samples used in this study.
Soil
Identification
Soil pH
(before incubation)
1:2 paste KC1
Soil pH
(after incubation)
1:2 paste KC1
Total
bases
(meq/100g)
CEC
pH 6.O pH 7. 0
(meq/100g)
Ext.EAt
Al
(meq/100g)
SMP buffer lime
requirement to raise
soil to pH
6.86.46.0
(meq/100g soil)
Incubation lime
requirement to raise
soil to pH
6. 86. 46.0
(meq/100g soil)
Woodburn
01 5.555. 74.755.45.454.6 10.0 14.019.10.000.19 8.07.05.8 7.04.82.8
02 5.155.254.2 4. 94. 94.0 7.6 11.914.8O. 800.88 8. 67. 46. 2 11.88.66.0
03 5. 35.44. 3 5.15.04.15 7.1 12.812.6O. 22O. 49 9. 28.06..6 9.87.25.0
04 5.04. 94. 054.74.84.0511.5 16.318.9O. 67O. 8410.29.47.4 11.88.46.0
Amity
11 4.95.14.1 4. 94. 94. 259.5 15.316.60. 39O. 4814.212.410. 4 13.411.89.0
12 5.25.254.355.15.24.4 8. 1 12.6 15.1O. 11O. 2110.29.07.4 10.07. 04. 6
13 4. 64.554.0 4. 64.54.058.7 19.221.00.360.5313.211.49.6 25.420.617.0
14 4.754.73.95 4. 254. 33. 7 8.9 14.020.33.373.2818.415.813.4 22.217.013. 6
Dayton
21 4.74.854.2 4. 654.64.0 6.4 11.412.10. 89O. 9010.89. 47. 8 11.89.87.6
22 4.44.43.95 4. 64.654.15 8. 0 17.517.9O. 330.4717.215.012.6 18.415.213.0
23 4.954.83.9 4.54.63.9 3.3 19.220.31.221.3317.215.012.6 17.213.09.8
24 4.94.853.9 4.74.84 . 0 6.0 12.621.21.031.2013.211.49.6 11.09.27.8
Newberg
31 5.055. 24. 1 4. 74.83.915.0 16.619.50.721.25 7.46.4S.4 8. 86. 6S. 0
32 5.555. 64. 6 5.35.354.5 16.6 20.920.90.000.15 5.65.04.2 6.04.02. 2
33 5.75.654.555.255.34.4518.9 23.024.60.000.22 8.07.05. 8 8. 46.03.8
34 5.55.44.5 5. 25.254.4516.5 23.123.60.000.16 9. 68.47.0 8. 45. 83.4
Chehalis
35 4. 954. 854.154.74.84.220.8 29.630.40.110.4012.611.09.2 13.610.07.4
36 5.75.54.655.355.34.721.5 26.328.20.000.18 9. 68. 47. 0 8.05.43.0Table 2.Analytical data for chemical characteristics of the soil samples used in this study.(Cont. )
Soil No.
and Type
Soil pH
(before incubation)
1:2paste KC1
Soil pH Total
(after incubation) bases
1:2pasteKC1 (meq/100g)
CEC
pH 6. 0 pH 7.0
(meq/100g)
Ext. EA
Al
(meq/100g)
SMP buffer lime
requirement to raise
soil to pH
6.86.46.0
(meq/100g soil)
Incubation lime
requirement to raise
soil to pH
6. 86. 46.0
(meq/100g soil)
Sauvie
37 5.55.44.455.15.04.3517.6 28.328.80.060.2812.010.48.8 14.410.47.0
Malabon
41 5.4S.24:455.14.94.423.7 32.832.00.030.2013.612.010.0 13.29.25..6
42 5.956.04.855.65.454.7520.1 24.833.20.000.16 5.04.43.6 6.84.21.8
43 S.155.24.34.94.954.417.3 25.525.80.060.2012.010.48.8 14.210.67.4
44 5.155.354.54.74.84.3 8.9 14.620.60.140.28 9.68.47.0 13.09.87.2
McBee
454.95.14.254.74.84.0517.8 29.331.91.331.3817.215.012.6 19.015.211.4
Bashaw
46 5.154.74.34.94.754.3515.6 17.228.60.030.1912.611.09.2 13.210.88.4
474.74.653.954.64.44.217.2 31.533.90.110.4320.817.815.2 22.418.815.4
Willakenzie
51 5.15.24.14.74.94.2 6.9 14.017.81.691.6613.812.010.0 12.29.46.8
525.45.24.54.955.14.5515.5 25.629.50.030.2812.010.48.8 11.28.45.8
Steiwar
53 5.454. 654. 35.15.14.423.5 38.342.50.110.3012.010.48.8 14.610.67.0
54 5. 35.154.255.04.854.214.2 20.621.90.560.8212.611.09.2 10.47.65.2
555.04. 94.24.854.94.156.2 12.216.80.940.98 9.68.47.0 9.87.65.4
56 5. 35.154. 34.95.04.3 7.7 19.424.70.670.7014.412.410.4 20.015.211.0Table 2.Analytical data for chemical characteristics of the soil samples used in this study.(Cont. )
Soil No.
and Type
Soil pH
(before incubation)
1:2pasteKC1
Soil pH Total CEC Ext. EAt
(after incubation) bases pH 6.0 pH 7. 0Al
SMP buffer lime
requirement to raise
soil to pH
6.86. 46.0
1:2pasteKC1 (meq/100g)(meq/100g)(meq/100g) (meq/100g soil)
Incubation lime
requirement to raise
soil to pH
6.86.46.0
(meq/100g soil)
Jory
61
62
63
Nekia
64
Powell
65
Cascade
71
72
73
5.05.04.14.64.74.2 7.4 16.425.42.282.1914.4 12.4 10.4 21.017.613.8
4.74.94.04.34.454.1 3.1 17.018.84.343.7219.0 16.4 14.0 19.416.012.8
5.35.34.24.84.94.3 6.8 20.222.71.321.3916.0 14.0 11.6 21.216.211.8
4.34.454.04.24.34.0 2.7 16.317.54.244.4619.6 16.8 14.4 21.017.815.2
5.055.24.354.74.84.3 4.7 11.817.41.181.0210.89.47.8 13.410.47.8
5.5S.654.54.95.1
S.555.64.555.055.3
5.15.34.24.855.0
4.5 5.3 11.4 13.10.330.37 9.68.47.0 12.69.46.4
4.5 6.3 10.1 14.60.890.94 8.67.46.2 10.67.85.2
4.4 4.7 18.1 20.11.401.3713.2 11.49.6 21.216.011.4
Laurelwood
745.2S.44.24.85.04.25
75 5.55.74.65. 25. 354.7
Salem
81
82
83
4.554.654.2
5.05.24.1
4. 94.94. 2
4.4
4. 8
4.7
4.54.1
5.054.2
4. 94. 3
4.1 13.7 14.11.271.17 9.68.47.0 13.810.27.2
7.8 16.016.30.030.14 8.67.46.2 13.09.25.8
11.7 26.328.51.671.5014.2 12.4 10.4 29.621.616.4
8.0 19.426.91.721.5813.8 12.0 10.0 18.814.010.0
6.2 25.928.61.491.2716.6 14.4 12.0 27.020.615.244
Table 3.Slopes of soil incubation curves calculated as average lime requirement L_ Ri per unit pH to
raise soil pH to 6. 4.
Soil Sample
Identification
Meq/100g
CaCO3 per
unit pH
change
CaCO3
Soil Sample
Identification
Meq/100g
per
unit pH
change
Soil Sample
Identification
Meq/100g
CaCO3 per
unit pH
change
Woodburn 5. 1 Malabon 6. 3 Nekia
01 4.8 41 7.1 64 9.0
02 5.7 42 5. 25
03 5 43 7.0 Powell
04 4.1. 44 5.8 65 6.5
Amity 8.15
11 7. 9 McBee Avg. for hill soils 7. 6
12 5.4 45 8.9
13 11.4 Cascade 7.3
14 7.9 Bashaw 8.8 71 6.7
46 7. 2 72 5.0
Dayton 6.55 47 10.4 73 10.3
21 5.6
22 8. 4 Avg. for valley floor Laurelwood 7. 1
23 6.8 soils 6.1 74 6.4
24 5.4 75 7.8
Willakenzie 5.65
Avg. for soils 01 -246. 6 51 5.5 Avg. for wind-
52 5. 8 deposited soils 7. 2
Newberg 4. 3
31 3.9 Steiwar 7. 2 Salem 10.55
32 3.3 53 8.5 81 10.8
33 5.2 54 5.4 82 8.75
34 4.8 55 4.9 83 12.1
56 10.1
Chehalis 5.5 Avg. for all soils 6. 9
35 5.9 Jory 9.2
36 5. 1 61 9. 8
62 7.6
Sauvie 63 10.1
37 8.045
Differences in procedure may explain someof the differences of
Janghorbani's results.Most importantly, his soils were sampled to
a depth of 30 cm. ,rather than just to plow layer depth.This would
tend to reduce the lime requirement(Janghorbani, p. 60 -65).
Incubation Curve Discrepancies
Several of the incubation curves were notuniform within related
soils; in particular, soil #13 (Amity series) was aproblem throughout
the study.The curves for the two Bashaw soils(#46 and 47) were
quite distinct from each other and theSteiwar soils, especially #56,
were not uniform within theseries.Soils #22 (Dayton) and 73 (Cas-
cade) had less pH increase and #82 (Salem) had morepH increase with
application of lime than their respective series averages.
Importance of the Incubation Curves
The nature of the curves in Figures 1-17underlies the findings
of this study in that all of the other measurementsmade were related
to the LRi values obtained.Since all incubation curves were not
parallel, it was important to find a laboratory measurementthat would
predict, with a reasonable degree of accuracy,the amount of lime re-
quired to raise the soil pH to some specifiedlevel (i. e. , pH 6. 8, 6.4
or 6. 0).46
SMP Buffer Lime Requirement (LRs)
LRs for Unincubated Soils
LRs values in Table 2 show a wide range in lime requirement
between soils: from 5. 0 to 20.8 meq/100g. soil to reach pH 6.8;
from 4. 4 to 17.8 meq/100g. soil to reach pH 6. 4; and from 3.6 to 15. 2
meq/100g. soil to reach pH 6. 0.The extreme LRs values above were
found in the Malabon and Bashaw series, respectively.Uniformity of
LRs within soil groups was evident for the Woodburn, Willakenzie,
and Salem series.The soils selected for this study covered a wide
range of initial soil pH and CEC values; the range in LRi and LRs
values reflects this variation.
Comparison with LRi
Correlation between LRs values and LRi values is presented
graphically in Figures 18-20. When liming to reach pH 6.8, Figure
18 shows that LRs values tended to be smaller than LRi values.How-
ever, the correlation was quite good if the two Salem soils (#81 and 83),
the valley floor soil (#13-Amity), and the wind-deposited soil ( #73-
Cascade) were eliminated.The LRs values to reach the pH 6.4 level
(Figure 19) m or e nearly approached a 1:1 ratio, with LRi values
than did either of the LRs values to reach pH 6.8 or 6. 0.Elimination47
of the same two Salem soils (#81 and 83) and the valleyfloor soil
(#13) would have improved the correlation.The LRs values to reach
pH 6. 0 (Figure 20) generally predicted quantities oflime that were
high.Soils #13 and 81 were not comparable to other soils in this pre-
diction.
LRs after Liming and Incubation
LRs analysis was made on the incubated as well as the unincu-
bated soils (Table 5) even though the question of predictinglime re-
quirement for previously limed soils was not dealt withspecifically
in this study.LRs values for incubated soils with no added lime were
usually slightly higher than those of the unincubated soils(compare
Tables 2 and 5).
The LRi values corresponding to incubated soils with added lime
were calculated by subtracting the addedlime increment from the
original LRi.(e. g. Soil #02 had an original LRi of 11.8 and an incubated
LRs of 9. 6 meq of CaCO3 /100 g. soil to reach pH 6.8.The first
CaCO3 increment of 2.5 meq/100 g. soil raised the soil pH of sample
#02-1 to 5.35.Subtracting 2.5 from the original LRi of 11.5 results
in a calculated LRi of 8.3 meq of CaCO3 /100 g. soil for sample#02-1
to reach pH 6. 8).In general, LRs/LRi relationships for all lime in-
crements of the incubated soils compared favorablywith the LRs/LRi
relationships of unincubated soils in Figures 18-20.The LRs/LRi30
25
V = valley floor soils os
H = hill soils
W = wind-deposited soils
S = Salem soils
correlation coefficient = .89
ov
os
ov ov
48
LRs (meq/100g soil)
Figure 18.Relationship of SMP buffer lime requirements (LRs) to
incubation lime requirements (LRi) for 45 unincubated
Willamette Valley soils (to reach pH 6. 8).30
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Figure 19.Relationship of SMP buffer lime requirements (LRs) to
incubation lime requirements (LRi) for 45 unincubated
Willamette Valley soils (to reach pH 6. 4).
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Figure 20.Relationship of SMP buffer lime requirements (I,Rs) to
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Willamette Valley soils (to reach pH 6. 0).51
Table 5.The effects of different increments of lime on soil chemical characteristics used to
evaluate soil acidity.
Soil Sample
Identification
CaCO
3
Incrmt.
meq/100g
pH after
Incubation
Extractable
Al
meq/100g
EAt
meq/100g
SMP lime requirement
to reach pH meq/100g
1:2PasteKC1 6. 8 6. 4 6.0
Woodburn
01-0 0 5. 45. 454. 6 0 0.19 7. 4 6. 4 5. 4
01-1 3.0 6.16.35.3 - 4.0 3.4
01-2 6.0 6.6 6. 85. 9
01-3 9.0 7.057. 36. 4
02-0 0 4.94.94.0 0.80 0.88 9.6 8.4 7.0
02-1 2.5 5.355.54.550.22 0.20 6.8 6.0 5.0
02-2 5.0 5.75.95.0 0 0 5.0 4.4 3.9
02-3 7.5 6.256.55.65 - 2.2 2.0
02-4 10.0 6.66.86.0
02-5 15.0 7.057.46.65
03-0 0 5.15.04.150.22 0.49 9.6 8.4 7.0
03-1 3.0 5.655.84.8 0 0.16 6.2 5.4 4.6
03-2 6.0 6.16.355.4 2.2 2.0
03 -3 9.0 6.77.06.1 -
03 -4 12.0 7.057.46.5 - -
04-0 0 4.7 4. 84.050.67 0.84 10.2 9.4 7. 4
04-1 2.5 5.35.44.5 0 0. 23 7.4 6.4 5. 4
04-2 5.0 5.75.94.95 5.0 4.4 3.6
04-3 7.5 6.36.455.5 1.6 1.4
04-4 10.0 6.66.756.0 0
04-5 15.0 7.057.356.45
Amity
11-0 0 4. 94.94.250.39 0.48 13.712.0 10.0
11-1 2.5 5.155.34.550.11 0.19 11.410.0 8.4
11-2 5.0 5.455.64.9 0 - 8.4 7.4 6.2
11-3 7.5 5.96.15.4 - 5.0 4.4 3.6
11-4 10.0 6.156.35.65- - 3.4 3.0 -
11 -5 15.0 6. 97.16.45- - -
12-0 0 5.15.24.4 0.11 0.21 10.8 9.4 7.8
12-1 2.5 5.65.84.95 0 0.10 5.6 5.0 4.2
12-2 5.0 6.06.255.5 2.8 2.4 -
12 -3 7.5 6.556.85.95- - 0.4 -
12 -4 10.0 6.87.156.35 - -52
Table 5.The effects of different increments of lime on soil chemical characteristics used to
evaluate soil acidity (Cont. ).
Soil Sample
Identification
CaCO3
Incrmt.
meq/100g
pH after
Incubation
Extractable
Al
meq/100g
EAt
meq/100g
SMP lime requirement
to reach pH meq/100g
1:2Paste KC1 6.8 6.4 6.0
13-0 0 4.64.54.05 0.36 0.5313.812.010.0
13-1 4.0 4.95.04.5 0.11 0.22 9.6 8.4 7.0
13-2 8.0 - - - - -
13 -3 12.0 5.45.65.2 0.06 5.6 5.0 4.2
13-4 16.0 5.96.15.7 0 -
13 -5 24.0 6.77.06.6
14-0 0 4.254.33.7 3.37 3.2819.016.414.0
14-1 4.0 4.74.84.1 0.67 0.8214.212.410.4
14-2 8.0 5.25.354.65 0 0.2610.2 9.0 7.4
14-3 12.0 5.96.055.45 5.0 4.4 3.6
14-4 16.0 6.36.56.0 2.8 2.4 -
14 -5 24.0 6.97.36.8 - -
Dayton
21-0 0 4.654.64.0 0.89 0. 9012.010.4 8.8
21-1 3.0 5.155. 34.6 0.06 0.19 8.6 7.4 6.2
21-2 6.0 5.75.95.2 0 0.08 4.0 3.4 2.8
21-3 9.0 6.356.756.1 - 0
21 -4 12.0 6.857.156.55
22-0 0 4.64.654.15 0.33 0.4715.413.411.2
22-1 3.0 5.05.04.6 0 0.1912.010.4 8.8
22-2 6.0 5.155.44.8 - 0.1310.8 9.4 7.8
22-3 9.0 5.55.655.3 7.4 6.4 5.4
22-4 12.0 5.856.05.45 6.2 5.4 4.6
22-5 18.0 6.87.06.5 - - -
23-0 0 4.54.63.9 1.22 1.3317.215.012.6
23-1 4.8 S.25.34.55 0.03 0.2012.010.4 9.0
23-2 8.0 5.7S.95.2 0 - 7.4 6.4 5.4
23-3 12.0 6.36.555.75 - 4.0 3.4
23-4 16.0 6.76.956.35
23-5 24.0 7.157.56.7 -
24-0 0 4.74.84.0 1.03 1.2013.812.010.0
24-1 3.0 5.155.34.45 0.06 0.21 11.0 9.4 8.0
24-2 6.0 5.65.85.05 0 - 6.2 5.4 4.6
24-3 9.0 6.46.755.85 - 1.6
24-4 12.0 6.957.36.35 -53
Table 5.The effects of different increments of lime on soil chemical characteristics used to
evaluate soil acidity (Cont. ).
Soil Sample
Identification
CaCO3
Incrmt.
meq/100g
pH after
Incubation
Extractable
Al
meq/100g
EAt
meq/100g
SMP lime requirement
to reach pH meq/100g
1:2 PasteKC1 6.8 6.4 6.0
Newberg
31-0 0 4.74.83.9 0.72 1.25 9.2 8.0 6.6
31-1 2.0 5.255.44.5 0.11 0.25 5.6 5.0 4. 2
31-2 4.0 5. 75.854. 95 0 0.25 1.6 1.4 1.2
31 -3 6.0 6.256.55.65 - - 0 0
31-4 8.0 6.77.06.1
31 -5 12.0 7.17.46.5 - - - -
32-0 0 5.35.354.5 0 0.15 5.6 5.0 4.2
32-1 2.0 5.955.955.0 2.8 2.4 2.0
32-2 4.0 6.46.65.65 - 0 - -
32 -3 6.0 6.87.156.2 -
33-0 0 5.255.34.45 0 0.22 9.2 8.0 6.6
33-1 3.0 5.85.95.0 -
33 -2 6.0 6.46.455.7 - 1.0 -
33 -3 9.0 6.97.16.25 -
34-0 0 5.25.254.45 0 0.16 9.6 8.4 7.0
34-1 3.5 6.05.955.2 4.0 3.4
34-2 7.0 6.66.86.0 0
34 -3 10.5 7.17.46.6
Chehalis
35-0 0 4.74.84. 2 0.11 0.4013.211.4 9.6
35-1 3.0 5.255.34.6 0 0.13 9.6 8.4 7.0
35-2 6.0 5. S5.85.15 0 6.2 5.4 4.6
35-3 9.0 6.36.455.85 2.8 2.4 -
35 -4 12.0 6.656.856.30 0 -
35-5 18.0 7.17.356.8 -
36-0 0 5.355.34.7 0 0.18 9.6 8.4 7.0
36-1 2.5 5.955.855.15 - 6.2 5.4 4.6
36-2 5.0 6.36.255.6 3.4 3.0 -
36 -3 7.5 6.756.86.2
S auvie
37-0 0 5.15.04.35 0.06 0.2813.011.4 9.6
37-1 3.0 5.55.54.85 0 0.21 8.6 7.4 6.2
37-2 6.0 5.85.855.2 6.2 5.4 4.6
37-3 9.0 6.36.45.75 2.8 2.4 -
37 -4 12.0 6.556.655.95 0.4
37-5 18.0 7.17.26.6 - - -54
Table 5.The effects of different increments of lime on soil chemical characteristics used to
evaluate soil acidity.(Cont. )
CaCO3
Soil SampleIncrmt.
Identification meq/100g
pH afterft
Incubation
Extractable
Al
meq/100g
EAt
meq/100g
SMP lime requirement
to reach FN meq /100g
1:2 PasteKC1 6.8 6.4 6.0
Malabon
41-0 0 5.14.94.4 0.03 0.2013.011.6 9.6
41-1 3.0 5.655.44.8 0 10.8 9.4 7.8
41-2 6.0 6.05.85.2 7.4 6.4 -
41 -3 9.0 6.46.35.7 5.0 -
41 -4 12.0 6.656.556.0 2.8
41-5 18.0 7.27.256.7 -
42-0 0 5.65.454.75 0 0.16 5.0 4.4 3.6
42-1 4.5 6.56.555.9 - 1.0 - -
42 -2 9.0 7.17.46.65
43-0 0 4.94.954.4 0.06 0.2013.011.4 9.6
43-1 3.0 5.355.44.8 0 10.8 9.4 7.8
43-2 6.0 5.755.95.2 - 6.8 6.0 5.4
43-3 9.0 6.256.355.8 4.0 3.4 -
43 -4 12.0 6.556.756.1 - 0.4
43-5 18.0 7.17.36.7 - -
44-0 0 4.74.84.3 0.14 0.2810.8 9.4 7.8
44-1 4.0 5.55.75.1 0 4.4 4.0 3.4
44-2 8.0 6.16.355.8 1.6 1.2 -
44 -3 12.0 6.97.16.5
McBee
45-0 0 4.74.84.05 1.33 1.3817.215.012.6
45-1 3.5 5.15.24.45 0.06 0.2713.211.4 9.6
45-2 7.0 5.55.64.8 0 0.1810.8 9.4 7.8
45-3 10.5 6.06.15.4 7.4 6.4
45-4 14.0 6.256.355.7 5.6 5.0
45-6 21.0 7.07.16.6 - - -
Bashaw
46-0 0 4.94.754.35 0.03 0.1913.011.4 9.6
46-1 4.5 5.455.355.05 0.03 7.4 6.45.4
46-2 9.0 6.16.15.6 0 4.0 3.4 -
46 -3 13.5 6.957. OS6.7
47-0 0 4.64.44.2 0.11 0.4318.415.813.4
47-1 9.0 5.45.44.9 0 0.0910.8 9.4 7.8
47-2 18.0 6.36.45.85 2.2 2.0 -
47 -3 27.0 7.357.457.0 - -55
Table 5. The effects of different increments of lime on soil chemical characteristics used to
evaluate soil acidity.(Cont. )
CaCO3
Soil SampleIncrmt.
Identification meq/100g
p1-1 after
Incubation Extractable
Al
meq/100g
EA
meq/100g
SMP lime requirement
to reach pH meq/100g
1:2 Paste KC1 6. 8 6.4 6.0
Willakenzie
51-0 0 4.74.94.2 1.69 1.6614.813.010.8
51-1 3.5 5.45.54.8 0.03 0.39 9.6 8.4 7.0
51-2 7.0 5.96.0S. 4 0 - 5.6 5.0 4. 2
51-3 10.5 6.66.76.05 2.8 - -
51 -4 14.0 7.07.36.6 -
52-0 0 4.955.14.55 0.03 0.2813.011.4 9.6
52-1 3.5 5.65.75.05 0 9.2 8.0 6.6
52-2 7.0 6.06.25.6 0 5.0 4.4
52-3 10.5 6.76.86.3 1.6 -
52 -4 14.0 7.07.26.6 -
Steiwar
53-0 0 5.15.14.4 0.11 0.3012.611.0 9.2
53-1 5.0 5.755.85.2 0 8.0 7.0 6.0
53-2 10.0 6.36.55.9 - 3.4 3.0 -
53-3 15.0 6.857.256.7
54-0 0 5.04.854.2 0.56 0.8213.211.4 9.6
54-1 2.5 5.5S5.44.65 0.06 0.35 8.4 7.4 6.2
54-2 5.0 5.955.85.15 0 5.6 5.0
54-3 7.5 6.56.65.7 - 3.4
54-4 10.0 6.756.8 6. 1
55-0 0 4. 854. 94.15 0. 94 0. 98 10. 8 9. 4 7. 8
55-1 3.5 5.65.65.0 0.03 0.08 5.0 4.4 3.6
55-2 7.0 6.36.65.9 - - 0 0
55-3 10.5 7.057.556.7
56-0 0 4.95.04.3 0.67 0.7014.412.410.4
56-1 4.5 5.45.54.9 0.03 0.1412.010.4 8.8
56-2 9.0 5.76.05.3 0 8.4 7.4 6.2
56-3 13.5 6.36.55.85 6.2 5.4 -
56 -4 18.0 6.556.856.15 2.2 -
56 -5 22.5 7.07.46.8 - - -
Jory
61-0 0 4.64.74.2 2.28 2.1915.413.411.2
61-1 4.5 S. 25.44.65 0.22 0.2710.2 9.0 7.6
61-2 9.0 5.455.75.1 0 0.08 9.6 8.4 7.0
61-3 13.5 5.956.35.6 - - 6.2 5.4 -
61 -4 18.0 6.256.66.0 4.0 3.4
61-5 22.5 6. 957. 256. 65 - - -56
Table 5. The effects of different increments of lime on soil chemical characteristics used to
evaluate soil acidity.(Cont. )
Soil Sample
Identification
CaCO3
Incrmt.
meq/100g
pH after
Incubation
Extractable
Al
meq/100g
EAt
m eq/100g
SMP lime requirement
to reach pH meq/100g
1:2 Paste KC1 6.8 6.4 6.0
62-0 0 4.34.454.1 4.34 3.7219.616.814.2
62-1 4.0 4.955.14.4 1.67 1.5915.413.4 11. 2
62-2 8.0 5.35.54.85 0.11 0.1612.611.0 9.2
62-3 12.0 5.96.15.3 0.03 - 9.2 8.0 6.6
62-4 16.0 6.46.555.8 - 5.6 -
62 -5 20.0 6.97.056.2
63-0 0 4.84.94.3 1.32 1.3916.614.212.0
63-1 4.0 5.35.54.8 0.06 0.1414.212.410.4
63-2 8.0 5.65.85.2 0.03 - 10.8 9.4 7.8
63-3 12.0 6.16.35.55 0 8.4 7.4
63-4 16.0 6.256.455.85 6.2 5.4
63-5 20.0 6.76.956.35 - -
63 -6 24.0 7.07.36.6
Nekia
64-0 0 4, 24.34.0 4.24 4.4620.217.214.8
64-1 3.5 4.64.754.2 2.20 2.0716.014.011.6
64-2 7.0 4.95.04.4 0.64 0.6914.212.410.4
64-3 10.5 5.45.554.9 0.03 0.1610.8 9.4 7.8
64-4 14.0 S.75.855.2 0.06 0.09 8.6 7.4 6.2
64-5 17.5 6.356.55.8 0.03 5.0 - -
64-6 21.0 6.87.06.25
Powell
65-0 0 4.74.84.3 1.18 1.0212.010.4 8.8
65-1 3.0 5.455.64.9 0.03 0.13 8.0 7.0 5.8
65 -2 6.0 5.65.755.15 0 - 7.4 6.4 5.4
65 -3 9.0 6.46.55.95 - 4.0 - -
65 -4 12.0 6.56.76.1 1.6
65-5 18.0 7.17.356.65 -
Cascade
71-0 0 4.95.14.5 0. 33 0.3710.8 9.4 7.8
71-1 2.5 5.55.74.95 0 0.21 8.0 7.0 5.8
71-2 5.0 5.86.05.3 - - 5.6 5.0 4.2
71-3 7.5 6.256.55.75 - 4.0 3.4 2.8
71-4 10.0 6.456.656.0 1.6 1.4 1.2
71-5 15.0 7.057.46.7 - - -
72-0 0 5.055.34.5 0.89 0.94 9. 6 8.4 7.0
72-1 3.0 5.756.14.7 0 0.17 6.2 S.4 4.6
72-2 6.0 6.16.45.35 - 4.0 3.4 -
72 -3 9.0 6.77.26. 2 -
72 -4 12.0 6. 97. 36. 4 -57
Table S.The effects of different increments of lime on soil chemical characteristics used to
evaluate soil acidity.(Cont. )
Soil Sample
Identification
CaCO3
Incrmt.
meq/100g
Incubation
pH after Extractable
Al
meq/100g
EAt
meq/100g
SMP lime requirement
to reach ;1-I meq/100g
1:2 PasteHC1 6.8 6.4 6.0
73-0 0 4.855.04.4 1.40 1.3713.211.4 9.6
73-1 4.0 5.35.454.9 0.03 0.18 9.6 8.4 7.0
73-2 8.0 5.555.755.15 0 - - -
73 -3 12.0 6.16.355.7 6.8 6.0
73-4 16.0 6.26.45.85 - 5.0 4.4
73-5 20.0 6.77.06.25 - -. -.
73-6 24.0 6.957.256.6
Laurelwood
74-0 0 4.85.04.25 1.27 1.1710.8 9.4 7.8
74-1 3.5 5.45.64.8 0.11 0.14 8.6 7.4 6.2
74-2 7.0 5.956.2S.4 0.03 6.2 5.4 -
74 -3 10.5 6.56.856.0 - 1.6
74-4 14.0 6.87.16.3 - -
75-0 0 5.25.354.7 0.03 0.14 9.6 8.4 7.0
75-1 3.0 5.655.955.2 0.03 6.8 6.0 5.0
75-2 6.0 6.06.25.5 0 5.0 4.4
75-3 9.0 6.56.86.1 - 2.8 -
75 -4 12.0 6.76.956.4 1.0
75-5 18.0 7.157.56.9
Salem
81-0 0 4.44.54.1 1.67 1.5017.815.413.0
81-1 4.0 4.855.04.5 0.03 0.27 14.112.410.4
81-2 8.0 5.255.44.9 0 0.2112.010.4 8.8
81-3 12.0 5.655.95.4 0.33 0.29 8.6 7.4 6.2
81-4 16.0 S. 956.055.65 0.28 0.28 7.4 6.4 -
81 -5 20.0 6.36.556.15 - - 2.8 2.4
81-6 32.0 6.97.26.8 - -
82-0 0 4.8S.054.2 1.72 1.5814.212.410.4
82-1 5.0 5.55.854.9 0 0.12 8.6 7.4 6.2
82-2 10.0 5.96.35.35 - 6.25.4 4.6
82-3 15.0 6.56.95.9 2.2
82-4 20.0 6.97.156.3
83-0 0 4.74.94.3 1.49 1.2716.014.411.6
83-1 4.5 5.155.454.75 0.17 0.2512.010.4 8.8
83-2 9.0 5.55.85.1 0.03 0.19 9.6 8.4 7.0
83-3 13.5 6.16.45.7 0 - 6.2 5.4 -
83 -4 18.0 6.26.455.85 - 6.2 5.4
83-5 22.5 6.56.756.1 4.0
83-6 27.0 6.87.26.5 -58
relationships for incubated soils were used as the basis of calculating
the correlation coefficients in Table 6.
Correlation Coefficients
Relationships between the various soil chemical characteristics
of concern to this study are presented in terms of their correlation
coefficients in Table 6.This information is primarily useful in de-
termining how well LRi values (columns 18-20) were predicted by the
other parameters. The high correlation coefficients between LRs and
LRi (. 89,.90, and . 86, respectively, for pH levels of 6. 8,6. 4, and
6. 0), therefore, indicate the overall satisfactory predictive ability of
the SMP buffer method even though including the abnormal soils men-
tioned earlier.Regression equations for calculating LRi values from
LRs measurements to reach the various pH levels are presented in
Table 7.
Different ratios of soil:H20:SMP buffer were evaluated to see if
this modification would improve the predictive ability of the SMP buf-
fer method.Experimental results showed improvement only in isolated
cases.Values comparing the abilities of the three buffer ratios used
in this study to predict LRi values are presented in Table 8.These
figures show that the standard buffer ratio predicted LRi within 0. 5,
1. 0 and 2.5 tons/acre more often than the 10-10-10 and 10-10-30
ratios in almost all cases.The standard procedure predicted LRiTable 6.Correlation coefficients of the various soil chemical characteristics (all soils).
pH after
incubation
Total
bases
EA Extract-
able
A1 EA
ERs
LR 6.8 6.4 6.0
1 10/10'10 ioxya)
2
10.1Q3) 10/10/10 10 10/29
2
10 10/3D 104040
2
10.10,2) 101.0/3D6. 8 6. 4 6. 0 1:2PasteKC1 6.07.0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20
pH after 1:2 11.00.99.98.13-.49-.53-.53-.60-.96-.94-.90-.97-.94 -.96-.94-.91-.85-.88-.85
incubation Paste 2 1.00.98.02-.44-.48-.51-.58-.96-.93-.90-.96-.93-.89-.96-.93-.90-.83-.85-.83
KC]. 3 1.00. 03-. 32-. 37-. 48-. 55-. 94-. 90-. 86-.94-.90-.86-.94-.90-.86-.77-.79-.72
Total bases 4 1.00-. 07-. 09-. SO-. 46-.10-.11-. 15-. 08-.10-. 15-. 09-.11-. 15-.18-. 22-. 27
EA d 6.0 5 1.00.82.39.37.69.72.71.69.72.72.69 .71.72.79.76 .71
7.0 6 1.00.44.42.69.69.66.69.69.66.70.69.66.76.75.70
Extractable Al 7 1.00.99.56.58.61.54.57.61.55.57 .61.53.58.62
EAt 8 1.00.63.65.67.62.64.67.63.65.67.48.53.60
ER, 10-10-109 1.00.99.961.00.99.961.00.99.96.87.90.87
6.810-10-2010 1.00.98.981.00.98.991.00.99.89.90.86
10-10-30 11 1.00.96.981.00.97.991.00.88.90.85
10-10-1012 1.00.99.961.00.99.96.86.90.87
6.410-10-2013 1.00.98.991.00.98.87.90.86
10-10-3014 1.00.97.991.00.88.90.85
10-10-1015 1.00.99.96.84.88.87
6.010-10-2016 1.00.99.87.88.86
LRs 10-10-3017 1.00.87.88.85
6.8 18 1.00.97.89
LRi 6.4 19 1.00.96
6.0 20 1.00
110 -10 -10 0-10-10 refers to ratio of soil (g), water (ml), and SMP buffer (ml)
210 -10 -20 is the standard ratio60
Table 7.Regression equations for predicting lime requirement(LRi) for
measured SMP buffer (LRs) values according to the equation
YY + b (X - X)
Desired soil pH
and SMP
buffer ratioAvg. LRi
Regression
slope
Tc
Avg. Lils
LRs/LRi
Correlation
Coefficient
(1) All soils
To reach pH 6. 8
10-10-10
10-10-20
10-10-30
3. 428
3.428
3.428
1.56
1.08
0.94
2. 32
2.93
2.82
.87
.86
.85
To reach pH 6. 4
10-10-10 2. 195 1.38 1.90 .90
10-10-20 2. 195 O. 98 2. 47 .90
10-10-30 2.195 0.88 2.43 .90
To reach pH 6. 0
10-10-10 1.339 1. 13 1.47 .84
10-10-20 1. 339 O. 83 1.92 .87
10-10-30 1. 339 0. 77 1.94 .87
(2) Soil #01-24
To reach pH 6. 8
10-10-10 3. 495 1. 57 2. 28 .84
10-10-20 3. 495 1. 11 2. 81 .84
10-10-30 3.495 0.98 2.68 .84
To reach pH 6. 4
10-10-10 2. 339 1.43 1.93 . 88
10-10-20 2.339 1.03 2.43 .88
10-10-30 2.339 0.93 2.35 .88
To reach pH 6. 0
10-10-10 1. 547 1.27 1.27 . 85
10-10-20 1.547 0.95 0.95 .87
10-10-30 1.547 0.88 0.88 .8761
Table 7.Regression equations for predicting lime requirement (LRi) for
measured SMP buffer (LRs) values according to the equation
Y = Y + b (X - X). (Cont. )
Desired soil pH
and SMP
buffer ratio
r
Avg. LRi
Regression
slope
Tc
Avg. LRs
LRs/LRi
Correlation
Coefficient
(3) Soil #31-47
To reach pH 6. 8
10-10-10 2. 960 1.48 2. 11 .88
10-10-20 2. 960 1. 01 2. 55 .88
10-10-30 2.960 0.94 2.275 .87
To reach pH 6. 4
10-10-10 1. 819 1.28 1.72 .93
10-10-20 1. 819 0. 93 2. 15 .93
10-10-30 1. 819 0.88 1.95 .93
To reach pH 6. 0
10-10-10 1. 016 0. 98 1.24 .94
10-10-20 1. 016 O. 74 1.60 .95
10-10-30 1. 016 0. 73 1.53 .95
(4) Soil #51-75
To reach pH 6. 8
10-10-10 3. 732 1.61 2. 51 .90
10-10-20 3.732 1.10 3.30 .88
10-10-30 3.732 0.92 3.34 .87
To reach pH 6.4
10-10-10 2.373 1.39 2.02 .93
10-10-20 2.373 0.98 2.74 .91
10-10-30 2.373 0.86 2.84 .90
To reach pH 6. 0
10-10-10 1. 431 1.13 1.55 .88
10-10-20 1.431 0.82 2.11 .88
10-10-30 1.431 0.74 2.25 .8862
Table 8.Percent of unincubated soils in which predicted lime re-
quirements by SMP buffer (LRs) and exchange acidity by
difference (EAd) were within 0, 5 ton and 1. 0 ton per acre
of lime requirement by incubation (LP i) and percent of soils
with a failure to predict within 2. 5 tons per acre.
Limits
SMP Soils H20:Buffer Ratios
10-10-10110-10-20210-1.0-30 EA a3
To reach pH 6. 8
Within 0. 5 T 9 31 20 22
Within 1. 0 T 18 58 53 58
Greater than 2, 5 T 40 18 13 13
To reach pH 6. 4
Within 0.5 T 29 49 40
Within 1. 0 T 47 70 64
Greater than 2. 5 T 31 9 7
To reach pH 6. 0
Within 0.5 T 38 36 33 13
Within 1. 0 T 64 70 60 24
Greater than 2. 5 T 13 5 5 29
110-10-10 refers to soil (g):water (ml):SMP buffer (ml) ratio.
2 10-10-20 is the standard ratio,
3 CEC was measured at pH 7. 0 rather than 6. 8.63
within 1. 0 ton/acre in 58% (to pH 6. 8), 70% (to pH 6. 4), and 70%
(to pH 6. 0) of the soils studied.
Practical application of the lime predictive values discussed
(LRs) will need to be clarified with future field experiments.The
feasibility of liming to specific soil pH levels and the necessity of ad-
justing LRs values with a "liming factor" will need to be determined
at that time.
Measurements of Soil Acidity
Many investigators have studied the use of titratable and ex-
change acidity measurements as possible guides to soil lime require-
ment (Adams and Evans, 1962; Seatz and Peterson, 1964; and others).
These investigations have covered a wide range of replacing cations,
pH levels and methods of measurement. Table 6 indicates that the
procedures followed in this study to determine EAd and EAt did not
predict lime requirements as well as did the SMP buffer measure-
ments. The correlation coeffidients of the two exchange acidity mea-
surements with LRi are summarized for purposes of comparison in
Table 9.64
Table 9.Correlation relationships between incubation lime require-
ment (LR.) and exchange acidity by difference (EAd), by
titration (EAt), and by SMP buffer lime requirement (LRs).
To reach
pH
EAd Extractable
Al EAt LRs pH 7. 0 pH 6. 0
6.8 .76 .53 .48 .89
6. 4 .58 .53 .90
6.0 .71 .62 .60 .86
The fact that LRs values were calculated at many lime increment
levels while EAd values were determined only for the unlimed soils
should be taken into account when noting the above relationships.
Exchange Acidity by Difference (EAd)
The EAd measured by NH4OAc buffered at pH 7. 0 has been
accepted as one standard for determination of lime requirement in
western Oregon.This method should be expected to measure the
ability of the soil to contribute "acidic" ions since the pH of the
leaching solutions used to measure CEC were adjusted to the pH
values specified.Measurement of EAd at both pH 6. 0 and pH 7. 0
furnished an evaluation of pH dependent charge as well as reference
points with which to compare LRi values to reach pH 6. 0 and 6. 8 -
EAd measured in 1 N NH4 OAc solution buffered at pH 7. 0 was ex-
pected to give a good indication of liming requirement to pH 6. 8.65
EAd lime requirement values, as they relate to LRi values, are
shown in Table 10.In most soils, to reach the 6. 8 pH level, lime
requirement prediction by EAd falls short of that indicated by LRi,
most obviously in soils #13, 14, 21, 22, and 81. EAd lime require-
ment measurements that fall short at the pH 6. 0. level include soils
#13, 14, 31, 46, and 53.
The correlation coefficients of the EAd measurements at pH
7. 0 with LRi values at pH 6. 8 was .76 while that for EAd/LRi values
at pH 6. 0 was .71 (Table 6).The better correlation values obtained
with LRs than with lime requirement by EAd might be attributed to
the larger number of measurements made and/or the better predic-
tive ability of the SMP buffer procedure.Effectiveness of lime
requirement prediction for the 45 soils studied, as delineated in
Table 8, was about equal for EAd and SMP buffer at the pH 6.8 level,
but the SMP buffer procedure was more effective at the pH 6. 0 level.
If, in fact, the SMP buffer method is superior to the EAd method in
predicting the respective lime requirements as indicated by the cor-
relation coefficients, this could raise a question concerning the
accuracy of the NH4OAc procedures used to measure GEC.66
Table 10.Comparison of incubation lime requirement (LRi in meq/
100 g) and lime requirement by exchange acidity (EAd).
Soil
Identification
EAd LR;
pH 7.0 pH 6.0 pH 6.8 pH 6.0
Woodburn
01 9.1 4.0 7.0 2.8
02 7.2 4.3 11.8 6.0
03 5.5 5.7 9.8 5.0
04 7.4 4.8 11.8 6.0
Amity
11 7.1 5.8 13.4 9.0
12 7.0 4.5 10.0 4.6
13 12.3 10.5 25.4 17.0
14 11.4 5.1 22.2 13.6
Dayton
21 5.7 5.0 11.8 7.6
22 9.9 9.5 18.4 13.0
23 17.0 15.9 17.2 9.8
24 15.2 6.6 11.0 7.8
Newberg
31 4.5 1.6 8.8 5.0
32 4.3 4.3 6.0 2.2
33 5.7 4.1 8.4 3.8
34 7.1 6.6 8.4 3.4
Chehalis
35 9.6 8.8 13.6 7.4
36 6.7 4.8 8.0 3.0
Sauvie
37 11.2 10.7 14.4 7. 0
Malabon
41 8. 3 9.1 13.2 5.6
42 13.1 4.7 6.8 1.8
43 8.5 8.2 14.2 7.4
44 11.7 5.7 13.0 7.2
McBee
45 14.1 11.5 19.0 11. 4
Bashaw
46 13.0 1.6 13.2 8.4
47 16.7 14.3 22.4 15.4
Willakenzie
51 10.9 7.1 12.2 6.8
52 14.0 10.1 11.2 5.867
Table 10. Comparison of incubation lime requirement (LRi in meq/
100 g) and lime requirement by exchange acidity (EAd). (Cont. )
Soil
Identification
EAd LRi
pH 7. 0 pH 6. 0 pH 6. 8 pH 6. 0
Steiwar
53 19.0 14.8 14.6 7. 0
54 7.7 6.4 10.4 5.2
55 10.6 6. 0 9. 8 5. 4
56 17.0 11.7 20.0 11. 0
Jory
61 18.0 9. 0 21.0 13. 8
62 15.7 13.9 19.4 12. 8
63 15.9 13.4 21.2 11. 8
Nekia
64 14.8 13.6 21.0 15. 2
Powell
65 12.7 7. 1 13.4 7. 8
Cascade
71 7. 8 6. 1 12.6 6. 4
72 8.3 3.8 10.6 5.2
73 15.4 13.4 21.2 11. 4
Laurelwood
74 10.0 9. 6 13.8 7. 2
75 8. 5 8. 2 13.0 5. 8
Salem
81 16.8 14.6 29.6 16. 4
82 18.9 11.4 18.8 10. 0
83 22.4 19.7 27. 0 15. 268
Extractable Aluminum
Al becomes soluble and potentially phytotoxic under conditions
of low soil pH and many investigators have advised liming to reduce
soluble Al concentration rather than to raise soil pH per se.Esti-
mation of the soluble Al level can be termed exchangeable Al (ap-
proaches total measurement by repeated extractions) or extractable
Al (approximation of total Al in solution based on one extraction
operation).
Several recent investigations have resulted in recommendations
that lime application be based solely on analysis of exchangeable Al.
Kamprath (1970) suggested lime applications on the basis of the for-
mula: meq. of exchangeable A1/100 g soil x 1. 5 = meqCaCO3/100 g.
soil, for Ultisols and Oxisols in North Carolina.Reeve and Sumner
(1970) found that the lime requirement taken as the amount necessary
to give the highest yield of truden in South Africa was in good agree-
ment with the amount of lime required to reduce exchangeable Al to
0.2 meq/100 g soil.This amount of lime averaged about one-sixth
of the LRs to reach pH 6. 5.
Levels of extractable Al of soils in the present study ranged
from 0 in a number of soils to 4.34 meq/100 g soil for soil #62 of the
Jory series (Table 2).Consistently high levels of extractable Al were
present in the Jory and Salem series.Extractable Al decreased69
rapidly with increasing lime application and 3. 0 meq CaCO3 /100 g
soil reduced these levels to the vanishing point in most soils.Soil
#64 (Nekia) had the most persistent level of extractable Al.
Removal of soluble Al from the soil solution by liming can only
be approximated by pH measurement, according to the data in Table 11.
Results show that disappearance can be expected to take place when
the pH reaches 5. 5 to 6. 0, which agrees with the data of Janghorbani
(1969) and others.
Correlation data in Table 6 indicates that extractable Al is not
a good criteria for predicting LRi in the Willamette Valley soils
studied.Correlation coefficients to reach the 6. 8, 6. 4 and 6. 0 levels
were . 53,.58 and.62, respectively.Estimation of lime requirement
by extractable (or exchangeable) Al involves the problem of the pre-
sence of pH dependent charge at a pH higher than the pH of the unbuf-
fered salt solution which would not be measured.Possibly, the soils
used in the above, and other, investigations were more uniform in
their clay minerology and organic matter content than the 45 soils
used in this study, narrowing the range of measureable Al values
present in the soil solution.Even so, results of this study do not pre-
clude the possibility that exchangeable Al may correlate better with
field response than LRi.70
Table 11.pH values with which elimination of extractable aluminum
and exchange acidity by titration (EAt) are associated.
Soil Sample
Identification
Approximate pH at which
extractable Al is reduced
to0.20 meq/100g soil
Approximate pH at which
EAt is reduced
meq/100g soil
1:2 Paste KC11:2 Paste KC1
Woodburn
01 5.4 5.45 4.65.35* 5.4 4.55
02 5. 35* 5.5 4,555.3* 5.45 4.5
03 5.1* 5.0 4.155.45 5.6 4.6
04 5.0 5.1 4.35.3* 5.4 4.5
Amity
11 5.0 5.1 4.355. 05* 5.2 4.45
12 5.0 5.1 4.35.05* 5.15 4.35
13 4.75 4. 75 4.34. 9* 5.0 4.5
14 5,0 5.05 4.35.2* 5.35 4.65
Dayton
21 5.0 5.15 4.455.1* 5.25 4.55
22 4.65 4.7 4.24. 9* 4.9 4.5
23 5.1 5.2 4.455.1* 5.3 4.45
24 5.05 5.2 4.355.1* 5.25 4,4
Newberg
31 5.15 5.3 4.45.25* 5.4 4.5
32 5.3 5.35 4.55.15 5.2 4.35
33 5.25 5,3 4.455.2* 5.25 4.4
34 5.2 5.25 4.455.05 5.1 4.3
Chehalis
35 4,6 4.7 4.15.0 5.05 4,4
36 5.35 5.3 4.75.25 5.2 4.6
Sauvie
37 4.95 4.85 4.25.3* 5.3 4.6
Malabon
41 4.95 4.75 4.255.0 4.8 4.3
42 5.6 5.45 4.755.45 5.3 4.6
43 4.75 4.8 4.254.8 4.85 4.3
44 4.6 4.7 4.24.75 4.85 4.35
McBee
45 4.95 5.05 4.35.1* 5.2 4.45
Bashaw
46 4.8 4,65 4.254.85 4.6 4.3
47 4.5 4.3 4.15.0 4.9 4.5571
Table 11.pH values with which elimination of extractable aluminum
and exchange acidity by titration (EAt) are associated. (Cont. )
Soil Sample
Identification
Approximate pH at which
extractable Al is reduced
to0.20 meq/100g soil
Approximate pH at which
EAt is reduced
to0. 25 meq/100g soil
1:2 Paste KC11:2 Paste KC1
Willakenzie
51
52
Steiwar
53
54
55
56
5. 25
4. 8
5. 3
5. 35
5. 4
5. 25
5. 35
4, 95
5. 3
5. 2
5. 4
5. 35
4. 65
4. 4
4, 7
4. 5
4. 75
4. 7
5. 5
5. 0*
5.15*
5, 65*
5.4
5.25
5.6
5. 15
5. 15
5.5
5. 4
5.35
4.9
4. 6
4. 45
4.75
4, 85
4.7
Jory
61 5.2* 5.4 4.655. 2* 5. 4 4. 65
62 5. 25 5, 45 4..85. 2 5. 4 4. 75
63 5. 2 5. 35 4. 75. 15 5. 35 4. 7
Nekia
64 5. 2 5. 35 4. 75. 3 5. 45 4. 8
Powell
65 5.3 5.45 4.755. 35 5.5 4.8
Cascade
71 4.95* 5. 15 4. 555. 45 5.65 4.9
72 5.45 5.7 4.655. 65 5. 8 4. 65
73 5. 15 5. 35 4. 85. 1 5. 35 4. 8
Laurelwood
74 5. 3 5. 5 4. 75. 3 5.5 4.7
75 5. 1 5.25 4. 65. 1 5.25 4. 6
Salem
81 4.75 4. 9 4. 45. 0* 5. 15 4. 65
82 5.35 5.7 4.755, 35 5. 7 4, 75
83 5. 1* 5. 4 4. 75. 15* 5. 45 4. 75
Range: 5.6-4.55.7-4.34.8- 5.65-4.755.8-4.64.9-
4.1 4,3
* Exact values (3) rather than approximations.72
Exchange Acidity by Titration (LRt)
EAt values are more an indication of soil acidity problems than
a measure of the amount of lime thatshould be added to grow a speci-
fied crop.This is because, like exchangeable Al, it measures only
those "acidic" ions that are extracted by the unbuffered saltsolution
which assumes the pH of the soil system and does not measure pH
dependent charge as the pH is raised.The EAt value is also known as
potential acidity which becomes active as active acidity is neutralized
and cation exchange processes occur which bring the potentialacidity
into solution. An equilibrium exists between the active andpotential
acidity.The relationship is governed by such factors as the nature
of the colloidal material and the degree of neutralization of the system
(Seatz and Peterson, 1964).
Thus, EAt would not be expected to provide an absolute measure
of lime requirement unless extraction, followed by titration, was made
with a buffered salt at about pH 8.2 (Coleman and Thomas,1967).
SMP buffer, on the other hand, measures the ability of a soil to con-
tribute "acidic" ions as the soil pH is raised by addition of buffered
solution.This ability apparently accounts for the differences between
EAt and LRs correlation values in Table 9.
EAt levels were generally only slightly higher than, and highly
correlated with, extractable Al levels of the soils.This indicates73
that the acidity measured to the pH 6. 0 endpoint probably included
some dissociated H ions, but that Al contributed most of the acidity
to the systems.Discrepancies noted in soils #62, 81, 82, and 83 may
indicate some problem of EAt analysis with the more acid soils.
It was proposed for this study that EAt might be a good alterna-
tive index of the soluble Al level (note the excellent correlation in
Table 6) and form the basis of a more satisfactory analytical proce-
dure to identify the nature of the soil acidity problem, providing the
extractable Al level proved to be a reliable measure.Titration
equipment for determining exchange acidity would be less expensive
and faster than atomic absorption procedures for analyzing Al.
Analysis of the various lime increments was carried out until EAt
reached about 0.25 meq/100 g soil.This level of EAt will always
identify a level of extractable Al lower than 0.20 meq/100 g soil
(Table 5) where accuracy of Al analysis on the Perkin-Elmer 303
Atomic Absorption unit becomes questionable with the extraction pro-
cedures used in this study.
pH Measurements
Measurement of soil pH values was made by three different
methods in this study to ascertain if any of the three might give more
reliable results in determining the effects of liming.The 1:2 soil to
water ratio method has been an accepted standard procedure.The74
paste method was a convenient procedure in this study and similar to
the paste method commonly used in many soil chemistry studies.The
KC1 method measured pH in the extracted soil solution and has been
used extensively for soil measurements, especially in Europe, to
circumvent the influence of soluble salts.
The pH measurement with the best correlation with LRi values
was the 1:2 method (-. 85, -.88, -. 85), as shown in Table6, and
seemed to be the most satisfactory for LRi prediction.Correlation
coefficients for the paste and KC1 methods with LRi were -. 83, -. 85,
-.83 and -. 77, -. 79, -. 72, respectively.Correlation relationships
between the methods indicated that differences in reliability was not
a factor:1:2/paste = .99; 1:2/KC1 = .98; paste/KC1 = .98.
LRs and pH Change with Incubation
Comparison of pH values of the 45 soils in Table 2 shows that
almost all of the soils became more acid with incubation.This change
in soil reaction is reflected in an increase of LRs values from the
unincubated soils (Table 2) to the unlimed soils after incubation
(Table 5).
Numerous reports of soil pH change with the season of the year
are available in the literature.Van Der Paauw (1962) observed that
soil pH gradually increased in periods of high rainfall and decreased
in periods of low rainfall.Collins, Whiteside and Cress (1970)75
reported evidence that soluble salts were probably responsible for
most of the seasonal pH variability on the soil sites studied.In the
same investigation, SMP buffer lime requirement showed a cyclic
seasonal trend, with the maximum lime requirement in midsummer.
It is generally recognized that favorable soil conditions result in in-
creased production of acidic substances by microorganism activity.
Moist soils during incubation probably provided these conditions and
resulted in the pH and LRs changes noted in this study.
As a result, the choice of whether to analyze the incubated or
unincubated soils for the various chemical characteristics was
probably not overly important since soil pH depends partly on the
time of collection.For purposes of this study, the incubated soils
were analyzed for those parameters that changed with incubation:
establishment of the LRi values (Figures 1-17); comparison of incuba-
tion curve slope values (Tables3, 4, 11); change of soil chemical char-
acteristics with liming (Table 5); LRs/LRi correlation (Figures 18-20);
LRi and LRs values for correlation purposes (Tables 6, 9); regression
equations (Table 7).The unincubated samples were used for soil
characterization purposes which did not require examination of the
effects of lime: original pH values, total bases and CEC used to mea-
sure EAd (Tables 2, 6, 10, 11); comparison of the predictive abilities
of the three buffer ratios (Table 8).76
SUMMARY AND CONCLUSIONS
Liming characteristics of 45 acid Willamette Valley soils were
determined by incubation of the soils with increments of CaCO3.Soils
were selected to represent the major soil associationsthat are being
limed by farmers in the Willamette Valley.The lime required (LRi)
to bring the soils to pH levels of 6. 8, 6. 4 and 6. 0 varied widely within
the soils sampled.For example, LRi to bring the soils to pH 6. 4
ranged from 4. 0 to 21. 6 meq of CaCO3 /100g soil.Laboratory mea-
surements of other soil chemistry parameters were compared with
changes in pH to determine if a satisfactory quick laboratory proce-
dure could be developed to predict LRi of soils with different chemical
characteristics.
Measurements of soil pH, before and after incubation with
CaCO3, were made by three methods:(1) both electrodes inserted into
the supernatant of a 1:2 soil to water suspension; (2) both electrodes
inserted into the sedimented paste of a 1:2 soil to water suspension;
and (3) both electrodes inserted into the supernatant of a 1:2 soil to
1 N KC1 suspension,LRs (Shoemaker et al., 1961) measurements
were made for the unincubated soils and for incubated soils limed
to about pH 6. 7.Soil samples treated with the lower increments of
lime were analyzed for extractable Al and EAt and unincubated soils
were analyzed for EAd at pH 7. 0 and pH 6. 0,77
The purpose of this study was to identify the changes in soil
chemical measurements that take place with application of lime. No
attempt was made to determine whether a crop might respond to an
application of lime on an acid soil.The assumption was made that
yield could be related to specific pH or soil acidity levels that could
be measured in the laboratory.Therefore, the problem was ap-
proached by studying procedures that might predict the application
of lime required to reach a specified pH or soil acidity measurement.
It is anticipated that field trials for evaluating lime response will be
carried out in the future to evaluate the usefulness of the SMP buffer
method which showed promise in this regard.
Results of correlation analyses showed that the SMP buffer
method should prove useful for determining the lime requirements in
question.Correlation coefficients obtained for LRs/LRi were .89,
.90 and86, respectively, to reach pH levels of 6. 8, 6. 4 and 6. 0.
Soil pH measurements, extractable Al, and exchange acidity determina-
tions did not provide as good a basis for determining LRi values.Re-
gression equations were calculated for the LRs/LRi relationships.
There were two Salem soils and one excessively acid Amity soil
that did not show the same relationships between LRi and other para-
meters measured as was shown by the majority of the soils in the
study.The Salem series is a fairly restricted soil series on older
gravelly terrace positions.The varying amounts of gravel present78
will make it difficult to ever develop a good prediction for lime re-
quirement on these soils.Also, excessively acid Amity soils are
seldom found.If these three abnormal soils were eliminated from
this study, the correlation coefficients would undoubtedly be improved
considerably.
Prior to this study, exchange acidity, determined by subtracting
exchangeable bases from CEC measured at pH 7. 0, was one standard
for predicting lime requirement.Results show considerable disagree-
ment between this measurement, LRi values and LRs values to raise
soil pH's to 6. 0 and 6. 8.This question, and the feasibility and validity
of considering some of the other soil chemical parameters should be
investigated further.The author feels that the SMP buffer method
may prove especially useful in determining field lime application
rates, if equations can be developed to include the influence of ex-
changeable Al and organic matter content.BIBLIOGRAPHY
Adams, F. and C. E. Evans.1962. A rapid method for measur-
ing lime requirement of red-yellow podzolic soils.Soil
Science Society of America Proceedings 26:355-357.
Bailey, E. H.1932.The effect of air drying on the H-ion concen-
tration of the soils of the United States and Canada.U. S.
Dept. of Agriculture Technical Bulletin 291.
79
1944.Hydrogen-ion concentration of the important
soils of the United States in relation to other profile charac-
teristics:I.Pedocal soils.Soil Science 57:433-474.
1945.Hydrogen-ion concentration of the important
soils of the United States in relation to other profile charac-
teristics:II.Pedalfers and soils transitional between pedocals
and pedalfers.Soil Science 59:239-264.
Bear, F. E.1957.Toxic elements in soils.In:Soil - the
1957 handbook of agriculture.Washington, D. C., United
States Department of Agriculture.784 p.
Bhella, H. S.1971.Subterranean clover yield and nutrient content
as influenced by soil molybdenum status.Master's thesis.
Corvallis, Oregon State University.70 numb, leaves.
Bhumbla, D. R. and E. 0. McLean,1965.Aluminum in soils:VI.
Changes in pH-dependent acidity, cation-exchange capacity, and
extractable aluminum with additions of lime to acid surface soils.
Soil Science Society of America Proceedings 29:370- 374.
Bingham, F. T.1966.Phosphorus.In:Diagnostic criteria for
plants and soils, ed. by H. D. Chapman, Riverside, California,
University of California.793 p.
Black, C. A.1968.Soil-plant relationships. New York, John
Wiley and Son.792 p.
Bower, C. A. and E. Truog.1940.Base exchange capacity deter-
mination as influenced by nature of cation employed and forma-
tion of basic exchange salts.Soil Science Society of America
Proceedings 5:86-89.80
Chernov, V. A. and N. L. Belyaeva.1946.Pedology (USSR).593 p.
(Abstracted in Chemical Abstracts 41:2828i.1947).
Clark, J. S. and W. S. Nichol.1966.The lime potential - percent
base saturation relations of acid surface horizons of mineral
and organic soils.Canadian Journal of Soil Science 46:281-285.
Coleman, N. T. and M. E. Harward.1953.The heats of neutraliza-
tion of acid clays and cation-exchange resins.Journal of the
American Chemical Society 75:6045-6046.
Coleman, N. T. and G. W. Thomas.1964.Buffer curves as affec-
ted by the presence of ferric iron and aluminum.Soil Science
Society of America Proceedings 28:187-190.
1967.The basic chemistry of soil acidity.In:
Soil acidity and liming, ed. by R. W. Pearson and Fred Adams,
Madison, Wis. Number 12 in the series Agronomy. American
Society of Agronomy. 274 p.
Coleman, N. T., S. B. Weed, and R. J. McCracken.1959.Cation-
exchange capacity and exchangeable cations in Piedmont soils of
North Carolina.Soil Science Society of America Proceedings
23:146-149.
Coleman, N. T., D. E. Williams, T. R. Nielsen, and H. Jenny.
1950. On the validity of interpretations of potentiometrically
measured soil pH.Soil Science Society of America Proceedings
15:106-110.
Collins, J. B., E. P. Whiteside, and C. E. Cress.1970.Seasonal
variability of pH and lime requirements in several southern
Michigan soils when measured in different ways.Soil Science
Society of America Proceedings 34:56-61.
Daikuhara.1914.Bulletin of the Imperial Central Agricultural Ex-
periment Station, Japan.(Cited In: Reflections on the soil
acidity merry-go-round, by H. Jenny.Soil Science Society of
America Proceedings 25:428-432.1961.)
Deatrick, E. P.1919.The effect of manganese compounds on soils
and plants. New York Agricultural Experiment Station Memoir
19:365-402.81
Dewan, H. C. and C.I. Rich.1970.Titration of acid soils.Soil
Science Society of America Proceedings 34:38-44.
Embleton, T. W.1966.Magnesium.In: Diagnostic criteria for
plants and soils, ed. by H. D. Chapman, Riverside,California,
University of California.793 p.
Evans, C. E. and E. J. Kamprath.1970.Lime response as related
to percent Al saturations, solution Al, and organic matter con-
tent.Soil Science Society of America Proceedings34:893-896.
Fried, M. and M. Peech.1946.The comparative effects of lime
and gypsum upon plants grown on acid soils.Journal of the
American Society of Agronomy 38:614-623.
Hartwell, B. L. and F. R. Pember.1918.The presence of alum-
inum as a reason for the difference in the effect of so-called
acid soil on barley and rye.Soil Science 6:259-277.
Harward, M. E. and N. T. Coleman.1954. Some properties of
H- and Al-clays and exchange resins.Soil Science 78:181-188.
Heddleson, M. R., E. 0. McLean, and N. Holowaychuk.1960.
Aluminum in soils:IV.The role of aluminum in soil acidity.
Soil Science Society of America Proceedings 24:91-94.
Howard, L. P.1918.The relation of the lime requirements of soils
to their retention of ammonia.Soil Sci. 6:405-411.
Hutchinson, F. E. and A. S. Hunter.1970.Exchangeable aluminum
levels in two soils as related to lime treatment and growth of
six crop species.Agronomy Journal 62:702-704.
Jackson, M. L.1958.Soil chemical analysis.Englewood Cliffs,
N. J., Prentice-Hall, 498 p.
1963. Aluminum bonding in soils: A unifying
principle in soil science.Soil Science Society of America Pro-
ceedings 27:1-10.
Jackson, T. L., D. T. Westermann and D. P. Moore.1966.The
effect of chloride and lime on the manganese uptake by bush
beans and sweet corn.Soil Science Society of America Pro-
ceedings 30:70-73.82
Jackson, W. A.1967.Physiological effects of soil acidity.In:
Soil acidity and liming, ed. by R. W. Pearson and Fred Adams,
Madison, Wis. Number 12 in the series Agronomy. American
Society of Agronomy. 274 p.
Janghorbani, M.1969.The relationship of exchange acidity and
exchangeable aluminum in limed and unlimed profile samples
of soil from western Oregon to the yield and chemical composi-
tion of alfalfa.Master's thesis.Corvallis, Oregon State Uni-
versity.126 numb, leaves.
Jenny, H.1961.Reflections on the soil acidity merry-go-round.
Soil Science Society of America Proceedings 25:428-432.
Jenny, H., T. R. Nielsen, N. T. Coleman, and D. E. Williams.
1950.Concerning the measurement of pH, ion activities, and
membrane potentials in colloidal systems.Science 112:164-167.
Johnson, C. M.1966.Molybdenum.In:Diagnostic criteria for
plants and soils, ed. by H. D. Chapman, Riverside, California,
University of California.793 p.
Jones, C. H.1915.Method of determining the lime requirements of
soils.Journal of the Association of Official Agricultural
Chemists 1:43-44.
Kamprath, E. J.1970.Exchangeable aluminum as a criterion for
liming leached mineral soils.Soil Science Society of America
Proceedings 34:252-254.
Keeney, D. R. and R. B. Corey.1963.Factors affecting the lime
requirements of Wisconsin soils.Soil Science Society of
America Proceedings 27:277-280.
Lin, C.1957.The relationship between cation exchange capacity,
total bases, and exchange acidity in certain Oregon soils.
Master's thesis.Corvallis, Oregon State Univ.77 numb.
leaves.
Lin, C. and N. T. Coleman.1960.The measurement of exchange-
able aluminum in soils and clays.Soil Science Society of
America Proceedings 24:444-446.
Low, P. F.1955.The role of aluminum in the titration of bentonite.
Soil Science Society of America Proceedings 19:135-139.83
Magistad, 0. C.1925.The aluminum content of the soil solution and
its relation to soil reaction and plant growth.Soil Science
20:181-226.
McLean, E. 0., W. R. Hourigan, H. E. Shoemaker, and D. R.
Bhumbla.1964..Aluminum in soils:V. Form of aluminum as
a cause of soil acidity and a complication in its measurement.
Soil Science 97:119-126.
Mehlich, A.1938.Use of triethanolamine acetate - barium hydroxide
buffer for the determination of some base exchange properties
and lime requirement of soil.Soil Science Society of America
Proceedings 3:162-166.
1942.Rapid estimation of base-exchange properties
of soil.Soil Science 53:1-14.
Moncharoan, L.1969.Characterization of Pelloxererts, Willa-
mette Valley, Oregon. A paper submitted in partial fulfillment
of the requirements for the degree of Master of Agriculture.
Dept. of Soils, Corvallis, Oregon State University.24 numb.
leaves.
Morris, H. D. and W. H. Pierre.1949. Minimum concentrations of
manganese necessary for injury to various legumes in culture
solutions.Agronomy Journal 41:107-112.
Moschler, W. W., G. D. Jones, and G. W. Thomas.1960.Lime
and soil acidity effects on alfalfa growth in a red-yellow pod-
zolic soil.Soil Science Society of America Proceedings 24:507-
509.
Munns, D. N.1965.Soil acidity and growth of a legume:III.Inter-
action of lime and phosphate on growth of Medicago saliva L. in
relation to aluminum toxicity and phosphate fixation.Australian
Journal of Agricultural Research 16:757-766.
Naftel, J. A.1936.Soil liming investigations:I.The calcium
carbonate equilibration method of liming soils for fertility
investigation.Journal of the American Society of Agronomy
28:609-622.
Page, H. J.1926.The nature of soil acidity.Transactions of the
Second Commission of the International Soil Science Society A:
232-244.84
Paver, H. and C. E. Marshall.1934.The role of aluminum in the
reactions of the clays.Chemistry and Industry 53:750-760.
Peech, M.1965.Hydrogen-ion activity.Agronomy 9:914.
Peech, M. J., T. Alexander, L. A. Dean and J. F. Reed.1947.
Methods of soil analysis for soil fertility investigations.
United States Department of Agriculture Circular 757.
Peech, M., R. A. Olsen and G. H. Bolt.1953.The significance
of potentiometric measurements involving liquid junction in
clay and soil suspensions.Soil Science Society of America
Proceedings 17:214-218.
Pierre, W. H., G. G. Pohlman and T. C. Mcllvaine.1932.Soluble
aluminum studies:I.The concentration of aluminum in the
displaced soil solution of naturally acid soils.Soil Science 34:
145-160.
Pierre, W. H. and S. L. Worley.1928.The buffer method and the
determination of exchangeable hydrogen for estimating the
amounts of lime required to bring soils to definite pH values.
Soil Science 26:363-375.
Pionkee, H. B. and R. B. Corey.1967.Relations between acidic
aluminum and soil pH, clay and organic matter.Soil Science
Society of America Proceedings 31:749-752.
Piper, C. S.1931.The availability of manganese in soils.Journal
of Agricultural Science 21:762-779.
Pratt, P. F.1966.Aluminum.In: Diagnostic criteria for plants
and soils, ed. by H. D. Chapman, Riverside, California,
University of California.793 p.
Pratt, P. F. and F. L. Bair.1962.Cation-exchange properties of
some acid soils of California.Hilgardia 33:689 - 706.
Puri, A. N. and H. L. Uppal.1939.Base exchange in soils:I.A
critical examination of the methods of finding base-exchange
capacity of soils.Soil Science 47:245-253.
Reeve, N. G. and M. E. Sumner.1970. Lime requirements of Natal
Oxisols based on exchangeable aluminum.Soil Science Society
of America Proceedings 34:595-598.85
Russell, Sir E. J.1950.Soil conditions and plant growth.8th ed.
Recast and rewritten by E. W. Russell, London, Longmans,
Green and Co.635 p.
Schofield, R. K.1946.Factors influencing ionic exchange in soils.
Soils and Fertilizers 9:265-266.
1949.Effect of pH on electric charges carried by
clay particles.Journal of Soil Science 1:1-8.
Schofield, R. K. and A. W. Taylor.1955. Measurements of the
activities of bases in soils.Journal of Soil Science 6:137-146.
Schollenberger, C. H. and R. H. Simon.1945.Determination of
exchange capacity and exchangeable bases in soils - ammonium
acetate method.Soil Science 59:13-24.
Seatz, L. F. and H. B. Peterson.1964.Acid, alkaline, saline, and
sodic soils.In:Chemistry of the soil, ed, by F. E. Bear,
2nd ed.Reinhold, New York.515 p.
Shoemaker, H. E., E. 0. McLean and P. F. Pratt.1961.Buffer
methods for determining lime requirement of soils with appre-
ciable amounts of extractable aluminum.Soil Science Society
of America Proceedings 25:274-277.
Simonson, G. A. and J. A. Norgren.1969.Oregon's long-range re-
quirements for water.Appendix 1-2.State Water Resources
Board.131 p.
Snider, H. J.1943. Manganese in some Illinois soils and crops.
Soil Science 56:187-195.
Stevenson, I. L.1964.Biochemistry of soil.In: Chemistry of the
soil, ed. by F. E. Bear, 2nd ed., New York, Reinhold.515 p.
Ulrich, A. and K. Ohki.1966.Potassium.In:Diagnostic criteria
for plants and soils, ed. by H. D. Chapman, Riverside,
California, University of California.793 p.
Van Der Paauw, E.1962.Periodic fluctuations of soil fertility, crop
yields, and of responses to fertilization as affected by alternating
periods of low or high rainfall.Plant and Soil 17:155-182.
Veitch, F. P.1902.The estimation of soil acidity and the lime re-
quirements of soils.Journal of the American Chemical Society
24:1120-1128.86
Veitch, F. P.1904.Comparison of methods for the estimation of
soil acidity.Journal of the American Chemical Society 26:637-
662.
Vlamis, J.1953.Acid soil infertility as related to soil-solution and
solid-phase effects.Soil Science 75:383-394.
Vodraska, R. V.1966.An estimation of chemical procedures for
determining the lime requirement of soils.Master's thesis.
Manhattan, Kansas State University.75 numb. leaves.
Way, J. T.1850.On the power of soils to absorb manure.Journal
of the Royal Agronomic Society 11:313-379.
1852.On the power of soils to absorb manure.
Journal of the Royal Agronomic Society 13:123-143.
White, R. P.1970.Effects of lime upon soil and plant manganese
levels in an acid soil.Soil Science Society of America Proceed-
ings 34:625-629.
Woodruff, C. M.1947.Determination of the exchangeable hydrogen
and lime requirement of the soil by means of the glass electrode
and a buffered solution.Soil Science Society of America Pro-
ceedings 12:141-142.
1948.Testing soils for lime requirements by means
of a buffered solution and the glass electrode.Soil Science
66:53-63.
Yuan, T. L. and J. G. Fiskell.1959.Aluminum studies:II.The
extraction of aluminum from some Florida soils.Soil Science
Society of America Proceedings 23:202-205.APPENDIX87
APPENDIX A
Description of Soil Series
The soils used in this study were described by Simonson and
Norgren (1969).The descriptions will be arranged and coded as fol-
lows:
a.Parent material, drainage, and location
b.Color and texture (typical)
c.Reaction (under virgin conditions)
d.Occurrence and slope
e.Associated soils
f.Acreage and agricultural usage
01 - Woodburn Series
a Very deep, moderately well-drained soils formed in old, water
deposited silty material on valley floor terraces.
b.Very dark brown, friable silt loam surface layers and dark
brown silty clay loam subsoils.Mottles occur at depths below
16 inches.
c.Slightly acid.
d.Nearly level broad terraces in the Willamette Valley.Most
areas are nearly level, but slopes may range up to 20 percent
on terrace escarpments.88
e.Willamette soil series occur in close association on better
drained positions near streams.Amity, Concord and Dayton
soil series are associated in areas which have seasonally high
water tables.
f.Well suited for cultivation; used to grow most crops suited to
the Willamette Valley; 176,800 acres.
02 - Amity Series
a.Very deep, somewhat poorly drained soils formed in old, water
deposited silty material on nearly level valley floor terraces.
b.Very dark grayish brown, friable, silt loam surface layers
and grayish brown or light olive brown, firm, silty clay loam
subsoils.Mottled below 15 inches.
c.Surface soils are medium acid, subsoils are slightly acid.
d.Occur on broad valley-floor terraces of the Willamette Valley.
Most areas are nearly level and slightly convex.Slopes may
range up to 5 percent.
e.Willamette and Woodburn soils occur in slightly higher positions
and Concord and Dayton soils occur in depressional areas.
f.A high water table occurs during the winter and spring months;
without artificial drainage, crop production is strongly limited
by wetness; 150,800 acres.89
03 - Dayton Series
a.Very deep, poorly drained, light-colored soils formed in old,
water-deposited materials on the main valley-floor terraces.
b.Dark gray, friable, silt loam surface layers and dark grayish
brown, very firm, silty clay subsoils.Mottled to the surface.
A perched water table occurs above the clay subsoil during the
rainy season.
c.Surface layers medium acid, subsoils slightly acid to medium
acid.
d.Occur on the floor of the Willamette Valley, mainly in the
southern part. Most areas are nearly level and somewhat con-
cave.
e.Concord soil series occur in similar positions and soils of the
Amity, Woodburn, Holcomb, and Willamette series occur in
slightly raised positions on the terrace.
f.Used for growing grass seed, small grains and forage crops.
Wetness and the clayey subsoil severely limit the agricultural
use; 84,600 acres.
04 - Newberg Series
a.Very deep, somewhat excessively drained soils formed in recent,
water-deposited materials on flood plains of major streams.90
b.Dark brown, very friable, sandy loam surface layers and brown
yellowish brown, very friable, sandy loam subsoils .May con-
tain up to 15 percent gravel.
c.Medium acid.
d.Occur along major streams of the Willamette Valley.Slopes
are commonly less than 2 percent and slightlyundulating.Most
areas are subject to overflow during the rainy season.
e.Chehalis, Camas, Cloquato, Wapato, McBee series.
f.Well suited for cultivation but subsoil has a relatively low water-
holding capacity.Used mainly for growing vegetable crops,
cane berries, and forage crops; 87,400 acres.
05 - Chehalis Series
a.Very deep, well-drained soils formed in recent, water-deposited
flood plain alluvium.
b.Very dark grayish brown, friable, silty clay loam surface layers
and dark brown, friable, silty clay loam subsoils.
c.Slightly acid.
d.Occur on the higher portions of the flood plains along streams of
the Willamette Valley.Slopes are nearly level and slightly con-
vex.Most areas are subject to occasional overflow.
e.McBee, Wapato, Cloquato, Newberg, Camas series.91
f.Clay content is a little too high for the best tillage and seedbed
conditions.Some areas are subject to frequent flooding.Other-
wise, productive and well suited for cultivation; 78,600 acres.
06 - Sauvie Series
a.Very deep, somewhat poorly drained soils from recent, water-
deposited material on flood plains.
b.Very dark grayish brown surface layers and dark grayish brown,
silty clay loam subsoils.Mottled to the surface and typically
light-colored when dry.
c.Medium acid.
d.Occur on the Columbia River flood plain in Multnomah and
Columbia counties.Slopes are mostly less than 3 percent.
e.Burlington, Newberg series.
f.Used mostly for forage production.Too wet to be cultivated
without artificial drainage; 31,200 acres.
07 - Malabon Series
a.Very deep, well-drained soils formed in water-deposited ma-
terials on stream-cut terraces.
b.Thick, very dark grayish brown, friable, silty clay loam sur-
face layers and dark brown, friable, heavy silty clay loam sub-
soils.92
c.Surface layers medium acid, subsoils slightly acid.
d.Occur on nearly level, broad, stream-cut terraces in the
southern part of the Willamette Valley.
e.Awbrey, Coburg, Salem series.
f.Well suited for cultivation.Tillage slightly limited by clay
content of the surface soil.Used for growing most crops suited
to the Willamette Valley; 52,500 acres.
08 - McBee Series
a.Very deep, moderately well to somewhat poorly drained soils
formed in recent, water-deposited material on flood plains.
b.Thick dark brown, friable, silty clay loam surface layers and
dark yellowish brown, friable, silty clay loam subsoils that are
mottled below 15 inches.
c.Medium acid.
d.Occur in slightly depressional areas on nearly level flood plains
adjacent to the major streams and on bottomlands of smaller
tributaries in the Willamette Valley.
e.Wapato, Chehalis, Cloquato, Conser, Newberg series.
f.Crop production strongly limited without artificial drainage.
Drained areas used to grow small grains, berries and vegetable
crops; 45,800 acres.93
09 - Bashaw Series
a.Very deep, poorly drained soils formed in very clayey water-
deposited material on nearly level fans and flood plains.
b.Thick, black, firm clay surface layers and very dark gray, very
firm, massive clay subsoils.Profile may be faintly mottled to
the surface.There is a high water table during the rainy season.
c.Surface layers medium acid, subsoils neutral.
d.Occur on alluvial fans and small bottomlands along the margin
of the Willamette Valley.
e.Cove, Conser, Wapato, Waldo series.
1.Plant rooting is restricted by the massive clay subsoil and the
water table.Used to grow grass seed and forage crops; 46,500
acres.
10 - Willakenzie Series
a.Moderately deep, well drained somewhat reddish soils formed
on gently sloping to steep foothills.
b.Dark brown, friable, silty clay loam surface layers and brown,
to reddish brown, friable, silty clay loam subsoils that are un-
derlain at depths greater than 30 inches by fractured sedimen-
tary bedrock.
c.Medium acid.94
d.Occur in the foothills along the margin of the Willamette Valley,
mainly in Polk and Yamhill counties,
e.Bellpine, Haze lair, Steiwar series.
f.Slope and depth to bedrock are the primary limitations.Used
mainly for forage, small grains, and some orchard crops;
119,600 acres in all mapping units.
11 - Steiwar Series
a.Moderately deep, well-drained soils formed on low rolling foot-
hills.
b.Dark brown, friable, silty clay loam surface layers and dark
yellowish brown, friable, silty clay loam subsoils that are un-
derlain at depths greater than 20 inches by fractured sedimen-
tary bedrock.
c.Medium acid.
d.Occur on foothills along the margin of the Willamette Valley.
Most areas have slopes that range between 7 and 20 percent,
but slopes may range up to 30 percent.
e.Willakenzie, Haze lair, Firgell, Chehulpum series.
f.Slope and depth to bedrock are the primary limitations.Most
areas require special practices to reduce erosion when culti-
vated and most are removed from existing sources of irrigation
water.Used mainly for growing forage crops and small grains.95
79,900 acres in all mapping units.
12 - Jory Series
a.Very deep, well-drained soils formed on gently sloping to rolling
foothills.
b.Very dark reddish brown, friable, silty clay surface layers and
dark reddish brown, firm, clay subsoils.Stone lines are com-
mon in the profile, and basalt boulders may occur at any depth.
c.Surface layers medium acid, subsoils strongly acid.
d.Occur on generally stable old upland surfaces in the low foot-
hills of the Willamette Valley.Most areas have slopes of less
than 12 percent, but slopes may range up to 30 percent.
e.Nekia, Salkum series.
f.Slope is the primary limitation.Most areas are removed from
existing sources of irrigation water.Used to grow caneberries,
orchard crops, grass seed, forage crops and timber; 232,800
acres.
13 - Nekia Series
a.Moderately deep, well-drained soils formed on gently sloping
to steep foothills underlain by basalt.
b.Dark reddish brown, friable, clay surface layers and dark red-
dish brown, firm, clay subsoils that are underlain at depths96
greater than 30 or 40 inches by basalt bedrock.Angular frag-
ments of basalt are common in the profile.
c.Surface layers medium acid, subsoils strongly acid.
d.Occur on the low foothills of the Willamette Valley.Most areas
have slopes of less than 30 percent, but slopes may range up to
60 percent.
e.Jory, Bellpine, Ritner, Price, Witzel, Silverton, Salkum,
Dixonville series.
f.Restricted by slope.In some areas, bedrock and stones limit
the available water capacity.Cleared areas are used to grow
grass seed, orchards and forage crops.The prolonged summer
dry period is a limiting factor for timber production; 113,000
acres in all mapping units.
14 - Powell Series
a.Very deep, somewhat poorly drained soils formed on gently
sloping, undulating valley-margin terraces east of Portland.
b.Dark brown, friable, silt loam surface layers that contain about
10 percent "shot", and dark yellowish brown, firm, brittle silt
loam subsoils that are mottled below depths of 12 inches.
c.Surface layers medium acid, subsoils medium to slightly acid.
d.Occur in the northern part of the Willamette Valley.Most areas
have slopes of less than 12 percent.97
e.Briedwell, Hillsboro, Cascade series.
f.Crop production strongly limited by wetness without artificial
drainage.Used to grow orchard crops, berries, small grains
and forage crops; 8500 acres.
15 - Cascade Series
a.Very deep, somewhat poorly drained soils with brittlepans,
formed in wind-deposited, silty material on hilly uplands.
b.Dark brown, friable, silt loam surface layers and dark yellow-
ish brown, very firm, brittle, silty clay loam subsoils.Profile
is mottled below 24 inches; "shot" are present in surface layers.
c.Medium acid.
d.Occur on foothills and ridges in the northern part of the Willa-
mette Valley.Slopes range from 7 to 50 percent, with slopes
of 12 to 30 percent predominant.
e.Powell, Kinton, Delena series.
f.Cleared areas are used for orchards, berries and forage crops.
Steeper, forested areas are used for timber production; 87,000
acres in all mapping units.
16 - Laurelwood Series
a,Very deep, well-drained soils formed on rolling foothills and
intravalley ridges.98
b.Dark brown, friable, silt loam surface layers with common
shot-like particles, and brown, friable, silty clay loam subsoils.
c.Surface layers medium acid, subsoils strongly acid.
d.Occur in the northern part of the Willamette Valley west of Port-
land.Slopes range from 5 to 30 percent, but are predominantly
less than 20 percent.
e.Kinton, Saum series.
f.Slope is the primary limitation.Most areas are removed from
existing sources of irrigation water.Used to grow orchard
crops, berries, and forage_ crops; 52,200 acres inall mapping
units.
17 - Salem Series
a.Very deep, well-drained soils formed in water-deposited
gravelly material on stream terraces.
b.Very dark brown, friable, gravelly silt loam surface layers and
dark brown, firm, gravelly clay loam subsoils underlain at
depths greater than 24 inches by very gravelly sand.Gravel
content increases with depth.The depth to material with more
than 50 percent gravel ranges from 15 to 30 inches.
c.Slightly acid.
d.Occur mainly along the eastern side and southern part of the
Willamette Valley adjacent to streams that have their origins99
in the Cascades. Most areas have slopes of less than 3 percent.
e.Clackamas, Sifton, Malabon, Courtney series.
f.Depth of rooting and water-holding capacity are limited by the
gravelly underlying material.Gravel in the plow layer some -
times complicates tillage operations.Used to grow small grains,
vegetable crops, caneberries, and forage crops; 39,400 acres.